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J  am  very  fenfible  how  difficult  a  thing  it  is  to  write 
well  upon  the  fcience  of  Aftronomy  ;  by  reafon  the 
fubjecl  is  fo  comprehenfive,  and  confifts  of  fo  many  parts, 
and  is  connected  with  fo  many  other  fciences,  which  it 
requires  the  per  feci  knowledge  of;  and  befides,  is  a 
work  of  fo  much  time,  that  a  man  had  need  have  the 
life  of  a  Mathufalem,  to  go  thro*  the  whole  of  it. 
The  periods  even  of  fome  of  the  planets  are  fo  long, 
that  they  perform  hut  a  few  of  them  in  a  man's  life- 
time. And  much  more  are  thofe  of  the  comets,  fever al 
of  them  being  many  hundred  years  in  performing  one  re- 
volution. Whence,  it  comes  that  moft  of  their  periodi- 
cal times ,  and  the  pofition  of  their  orbits,  are  unknown 
to  us.  And  even  the  moon  fo  near  hand  us,  is  affetled 
with  fuch  variable  motions,  that  they  cannot  be  exatlly 
accounted  for  to  this  day. 

That  Aftronomy  was  one  of  the  firft  fciences  that 
men  ftudied,  is  plain  from  the  nature  of  the  thing.  For 
as  it  is  neceffary  for  people  to  know  how  time  fajfes 
azvay,  it  would  be  natural  for  them  to  enquire  into  the 
lengths  of  months  and  years.  The  firft  thing  that  of- 
fers itfelf  to  our  fenfes,  is  the  fun's  diurnal  motion,  by 
which  he  feems  to  move  from  eaft  to  weft,  returning  t& 
the  eaft  again  in  24  hours.  The  next  thing  is  his  an- 
nual motion,  by  which  he  advances  northerly  and 
foutherly,  making  the  days  longer  and  floorter,  and 
thereby  determining  the  feafons  of  the  year.  Thefe  are 
A  2  fun- 
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fundamental  meafures  of  time,  and  therefore  it  was 
natural  or  rather  unavoidable  to  take  notice  of  themy 
and  to  make  proper  obfervations  thereof  for  letting  out 
the  length  of  the  year,  and  to  divide  it  into  its  proper 
feafons  -,  which  were  neceffary  to  be  known,  as  men  had 
different  forts  of  work  to  perform  at  different  feafons 
of  the  year \ 

Nothing  could  be  more  eafy  for  them,  than  to  ob- 
Jerve  the  increafe  and  decreafe  of  the  fhadozus  upon  the 
furface  of  the  earth,  according  to  the  different  alti- 
tudes of  the  fun,  at  different  times  of  the  year.  Whence 
by  marking  the  extremity  thereof,  it  would  be  very 
eafy,  within  a  few  days,  to  fee  when  the  fhadow  came 
again  to  the  fame  point.  The  only  difficulty  would  be, 
to  keep  a  true  account  of  the  days.  But  this  they 
would  foon  learn  to  do,  by  a  few  trials.  So  I  do  not 
doubt,  but  the  length  of  the  year  would  J "son  be  deter- 
mined, which  a  few  years  experience  would  teach  them 
to  do,  near  the  truth.  By  the  fame  means  the  moon's 
motion,  or  the  length  of  the  month  would  be  found ; 
which  would  affift  them  in  finding  the  length  of  the  year 
more  exactly.  And  thus  one  thing  after  another  would 
be  found  out,  fo  far  as  they  could  be  any  way  ufeful  in 
thefe  times.  It  is  true,  the  fcience  of  AJlronomy  could 
be  carried  to  no  great  length  for  want  of  letters,  and 
the  knowledge  of  other  arts. 

In  all  ages,  as  far  as  hificry  reaches,  the  moft  learn- 
ed and  eminent  men  in  all  countries  have  been  encou- 
ragers  and  promoters  of  Aflronomy  \  and  by  general 
confent,  it  has  always  been  accounted  the  nobleft  of  the 
fciences,  as  it  has  no  lefs  than  the  whole  world  for  its 
objeU.  It  has  been  Jludied  by  kings  and  princes,  and 
a  great  deal  of  time  has  been  fpent  in  cultivating  this 
fcience ;  in  which  a  few  of  the  lafi  ages  have  done 
more,  and  brought  it  further  to  perfetlion,  than  all 
the  ages  of  the  world  that  went  before. 

It  is  reported,  that  /^Babylonians  had  J oo years  ob- 
servations engraven  upon  bricks ;  and  that  when  Alex- 
ander 
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Undertook  Babylon,  he  caufed  almoil  two  thou/and  years 
agronomical  observations  to  be  carried  away ;  which  if 
true,  is  fuch  a  period  of  time,  and  fuch  a  fund  of  ob- 
fervations,  as  we  have  not  the  like  to  Jhew  at  this 
time.  But  thefe  coming  into  the  hands  of  idle,  care- 
lefs,  and  tyrannical  people,  were  moft  of  them  loft, 
and  aftroncmers  had  to  begin  again,  fo  arts  and  fci- 
ences,  as  well  as  the  ftars,  have  their  periods,  their 
Rations  and  retrogradations. 

Jofephus  writes,  that  Seth,  or  his  nephews,  firft 
cbferved  the  order  of  the  heavens ,  and  the  courfes  of 
the  ftars.  And  it  is  f aid  Neptune  was  the  firft  failor, 
and  guided  his  Jhip  in  the  night  by  the  ftars  ;  and  for 
his  great  jkill  was  called  the  God  of  the  Sea.  His  fop 
Belus  was  an  aftronomer,  and  ipftituted  colleges  of  a- 
ftronomers.  Job  was  acquainted  with  the  aftronomy 
of  thefe  times ;  for  he  more  than  once  mentions  the 
conftellations  of  Ardiurus,  Orion,  and  the  Pleiades. 

'The  Egyptians  learned  from  the  Edomites  aftrono- 
my and  navigation.  For  the  Edomites  ufed  to  make 
long  voyages  upon  the  Red  Sea,  for  the  fake  of  merchan- 
difing.  And  when  they  were  conquered  by  David,  they 
fled  into  Egypt,  and  to  the  coafts  of  the  Mediterrane- 
an, and  to  the  Perfian  Gulf.  They  afterwards  be- 
gan the  like  voyages  upon  the  Mediterranean.  Their 
year  was  the  hinifolar  year  derived  from  Noah,  and  at 
that  time  confided  of  360  days.  By  the  heliacal  rif- 
ings  and  Jet  Hugs  of  the  ftars,  they  found  the  year  to 
conftft  of  365  days,  therefore  they  added  5  days  to  the 
old  year.  This  was  in  the  reign  of  Araraon.  After- 
wards they  formed  the  ftars  into  conftellations ;  and 
alfo  made  obfervations  of  the  planets,  which  they  call- 
ed after  their  gods. 

When  the  Ethiopians  invaded  Egypt,  the  Egyp- 
tians that  fled  to  Babylon,  carried  with  them  the  E- 
gyptian  year  of  365  days,  and  the  art  of  Aftronomy, 
and  founded  the  ara  of  Nabonnaffar.  The  pratlice  of 
ebferving  the  ftars,  was  carried  into  other  countries  ; 
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the  Greeks  had  all  their  afironomical  learning  from 
Egypt.  Then  Atlas  formed  the  fphere  of  the  Ly- 
bians,  and  Chiron  that  of  the  Greeks,  and  the 
£haldeans  another  fphere  for  their  own  ufe. 

After  the  art  of  Afironomy  vfas  carried  to  Greece  •, 
Thales,  Pythagoras,  and  Eudoxus,  went  thither  to 
be  injlnitledr  therein.  Thales,  who  lived  580  years 
before  Chrift,  began  to  obferve  the  folfiices  and  equi- 
noctial points  ;  andfirfi  of  any  body  predicled  eclipfes. 
He  predicted  a  total  eclipfe  of  the  fun  585  years  before 
Chrift,  which  happened  May  28.  And  another  eclipfe 
of  the  moon.  Pythagoras  had  the  true  fyftem  of  the 
world  from  the  Egyptian  priefts,  which  was  after- 
wards laid  afide  for  another  fyftem  invented  by  Ptole- 
my, 70  years  after  Chrift,  and  from  thence  called 
the  Ptolemaic  Syftem.  This  continued  in  vogue  till 
Copernicus  revived  the  Pythagorean  fyftem  in  1515,  or 
thereabouts.  Eudoxus,  in  dcfcribing  the  fphere,  plac- 
ed the  folfiices  and  equinoxes  in  the  middles  of  the 
conftellations,  Aries,  Cancer,  Libra,  and  Capri- 
corn. 

In  the  following  ages  Afironomy  began  to  improve 
apace.  Tycho  Brahe,  a  Danifio  Nobleman  and  a 
great  aftronomer,  furnifhed  an  ob fieri)  at  ory  with  proper 
infiruments,  made  obfervations  of  the  ftars,  and  pub- 
lifhed a  catalogue  of  the  places  of  770  ftars.  Ke- 
plar,  a  German  aftronomer,  difcovered  the  orbits  of 
the  planets  to  be  ellipfes,  -with  the  fun  in  the  focus  ; 
and  found  out  the  true  laws  of  their  motions.  Gali- 
leus,  an  Italian  philofiopher,  by  the  help  of  telefcopes, 
difcovered  the  fatellites  of  Jupiter  and  Saturn,  the 
ring  of  Saturn,  &c.  Hevelius  publifhed  a  larger  ca- 
talogue of  ftars  than  TychoV.  And  Mr.  Flamfteed 
publifhed  a  catalogue  containing  three  thoufand  ftars. 
And  feveral  others  made  valuable  additions  to  this 
fcience.  But  the  true  theory  of  the  planetary  motions 
was  ft  ill  wanting,  till  Sir  J.  Newton  publifhed  his 
Principia  ;  wherein   he   has   demonftrated,  from   the 
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laws  of  motion,  not  only  the  true  figures  of  the  orbits 
cf  the  planets,  but  that  the  irregular  motions  of  the 
fatellites,  are  conformable  to  the  laws  of  gravity.  A- 
greeable  to  thefe  principles,  Dr.  Halley  compofed  a  fet 
cf  tables,  for  all  the  planets  and  fatellites,  printed 
but  laie.y,  which  is  the  only  entire  fet  of  tables  that 
we  have. 

The  ancients  had  feme  notion  of  the  celeftial,  bodies 
gravitating  towards  one  another.  Thus  Lucretius 
L.  V.  thinks  the  world  to  be  infinite ;  for  otherw'tfc, 
fays  he,  the  bodies  that  are  on  the  out  fide,  would  by 
their  gravity,  be  drawn  towards  thofe  on  the  infi.de  •, 
and  would  longfince  have  all  met  together  in  a  heap  in 
the  middle.  Tet  they  knew  nothing  of  the  law  by 
which  they  were  moved.  And  very  likely  they  might 
think  th.it  gravity  was  the  fame  at  all  diftancej ; 
and  it  was  very  natural  for  them  to  think  fo,  as  this 
is  thefimpleft  fuppofition  that  can  be  made. 

No  fcience  is  converfant  with  objefls  more  nume- 
rous, greater,  or  more  glorious,  or  at  fuch  great  dif- 
tances  -,  being  for  any  thing  we  know  difperfed  thro* 
infinite  fpace.  Their  motions  being  the  principal  thing 
to  be  confidered,  aftronomers  can  by  their  art,  determine 
how  great  their  motions  are,  how  far  they  go  off,  and 
how  near  they  approach  in  their  return  ;  the  times  they 
lake  up  in  going  and  returning,  the  laws  of  their  mo- 
tions, and  the  forces  of  gravity  in  the  feveral  parts 
of  their  orbits.  The  grand  lazv  which  obtains  in  the 
whole  fyftem  is  this,  that  every  part  of  matter  at- 
tracts and  is  attracted,  diretlly  as  the  attracting  mat-, 
ter,  and  reciprocally  as  the  fquare  of  the  diftancc.  This 
law  is  the  bond  of  nature,  it  keeps  the  planets  and 
comets  within  their  proper  limits,  and  hinders  them 
from  running  into  other  fyftem s.  And  hence  it  comes, 
that  the  revolutions  of  the  planets  are  performed  with 
fuch  exatlnefs  and  regularity  round  the  fun,  which  is 
.  their  common  center  of  motion. 
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By  this  art  ajlronomers  can  tell,  for  many  years  to 
come,  the  eclipjes  of  the  fun  and  moon,  their  quanti- 
ties and  durations*,  alfo  the  moon's  full  and  change, 
the  afpecls  of  all  tloe  ■planets,  their  latitudes  and  de- 
clinations at  any  time  prdpofed. 

By  the  help  of  Afironomy,  our  navigation  is  improv- 
ed, and  by  this  means  trade  and  commerce  is  carried 
on.  For  by  having  the  moon's  true  place,  the  longi- 
tude of  a  floip  at  fea,  or  of  any  place  at  land  may  be 
found;  which  is  a  material  point  in  geography.  A' I 
chronology  is  founded  upon  it,  without  which  we  could 
have  no  certain  account  of  hifiory. 

By  the  wonderful  difcoveries  made  in  this  fcience, 
we  can  comprehend  the  vafi  extent  of  the  univerfe, 
and  the  amazing  beauty  of  its  firuclure  ;  which  gives 
us  a  grand  and  magnificent  notion  of  the  world  and 
all  its  parts  ;  at  the  fame  time  that  we  fee  the  earth 
which  we  inhabit,  is  but  a  poor,  fmall,  trifling  part 
cf  the  whole. 

By  improving  the  theory,  the  art  itfelf  is  brought 
to  greater  perfection,  beyond  what  observations  alone 
could  do.  For  by  this  means  we  can  make  a  better 
ufe  of  obfervations,  than  if  we  had  nothing  elfe  to  di- 
rect us. 

If  Afironomy  is  fc  much  efieemed  for  the  great  ad- 
vantages we  receive  by  it ;  it  is  no  lefs  entertaining 
to  the  curious,  by  making  us  underftana  the  fyftem  of 
4 he  world,  and  the  proportion,  fymetry  and  harmony 
of  the  fever al  parts.  For  what  is  more  delightful 
than  to  fee  fo  many  great  and  glorious  bodies,  at  im- 
menfe  diftances,  performing  their  fever  al  revolutions,  in 
their  due  and  ftated  times. 

Ibis  likewife,  of  all  things,  gives  us  the  jufiefi  no- 
tions of  the  wifdom  and  power  of  the  Deity  ;  that 
can  form  fuch  a  vafi  fyftem,  and  continue  it  in  mo- 
tion for  fo  many  ages.  For  tbo'  the  mere  laws  of 
gravity  are  fufficient  to  keep  it  going,  when  once  put 
into  motion;   vet  mere  mechanical  laws  could  never 
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■give  it  thofe  particular  motions  at  firji  ;  there  wants 
a  jirft  mover  to  do  this.  All  thefe  motions  being  fo 
nicely  adjufied  to  one  another,  jhew  that  they  were  all 
originally  contrived  and  executed  by  feme  powerful  be- 
ing, afting  with  council  and  defign,  which  demon/lrates 
the  profound  jlzill  of  the  great  architect. 

A  great  deal  of  time  and  pains  have  been  fpent  in 
finding  out  the  true  fyjlem  of  the  world,  or  fuch  an 
hypothefis  as  could  account  for  all  the  phenomena.  And 
various  fyjlems  have  appeared  at  different  times,  each 
of  which  could  account  for  fome  particulars.  But  it 
is  found  at  loft  that  none  of  them  could  account  for 
all  of  them,  but  the  Ccpernican  hypothefis.  'The  Co- 
pernican  Jyjlem  then  is  the  true  fyjlem.  From  hence 
the  motions  of  the  heavenly  bodies,  and  their  caufes,  are 
perfeclly  undsrjiood ;  and  by  which  all  their  appear- 
ances may  be  demonfirated.  And  the  fituations  of  ah 
the  filar  s  are  better*  known,  than  the  fituations  of  a 
great  many  places  on  the  earth  are.  For  to  find  their 
latitude  and  longitude  exaflly,  we  mufi  be  beholden  to 
afironomical  obfervaiions. 

Altho''  great  advances  in  AJlronomy  have  been  made 
from  time  to  time ;  yet  in  fuch  a  vafi  fubjetl,  it  is  no 
wonder  if  fome  things  be  flill  wanting.  The  moon's 
motions  are  fo  irregular,  and  fo  infinitely  diverfified, 
that  no  theory  of  her  motions  has  yet  been  found,  but 
it  will  vary  in  a  few  years,  and  differ  from  the  ob- 
fervations.  It  is  a  work  of  great  labour  to  re,duce 
all  her  motions  to  certain  rules,  and  compofe  tables 
thereof.  Which,  when  they  are  made,  mufi  be  prov- 
ed, by  a  great  number  of  obfervaiions  before  they  can 
pafs,  without  which  they  are  not  to  be  depended  on. 

It  would  be  much  for  the  eafe  of  calculation,  if 
the  fexagenary  account  was  laid  afide,  and  the  decimal 
one  fubjiituted  in  its  room.  For  there  are  fo  many  re- 
ductions in  the  one,  that  make  it  exceeding  tedious^ 
which  are  entirely  avoided  in  the  other.  But  that  ty- 
rant 


x  THE      PREFACE. 

rant  Cuftom  has  already  got  poffeffion  of  the  former^ 
and  is  likely  to  keep  it. 

As  to  this  book,  the  defign  is  the  fame  as  in  the 
former  'volumes  -,  and  that  is,  to  lay  down  the  princi- 
ples of  Afironomy,  in  as  fhort  a  compafs  as  I  could, 
to  make  it  intelligible  ;  and  to  fhew  the  manner  of  cal- 
culating fome  of  the  principal  ajlronomical  problems  ; 
emitting  things  of  leffer  moment,  to  keep  the  book  with- 
in due  bounds ^  fui table  to  the  other  parts  of  the  Curfus. 
'This  is  a  fubjett  of  fo  great  fcope  and  extent,  that  to 
take  in  all  things  belonging  thereto,  would  fill  a  very 
large  volume.  But  if  the  reader  iniderfland  the  more 
difficult  matters,  he  cannot  fail  getting  thro'  the  eqfier. 
To  this  end,  I  have  defcribed  the  fyftem  of  the  world 
and  all  its  parts ;  the  motions  of  the  planets  and  their 
periods.  Ihen  you  have  the  principal  ajlronomical 
problems,  folved  by  fpherical  trigonometry  and  by  the 
globes.  Then  I  have  given  the  elementary  part  of  A- 
flronomy,  being  what  depends  upon  obfervations.  Then 
the  theory  of  the  primary  planets.  The  theory  of  the 
moon  and  fatellites,  and  laftly  the  calculation  of  eclipfes. 

I  have  no  room  here  for  ajlronomical  tables,  I  have 
made  ufe  of  Dr.  H  alley  V,  which  is  fufficient  for  fhew- 
ing  the  learner  the  method  of  working.  But  I  cannot 
he  a?fwerable  for  the  truth  of  thefe  or  any  other  ta- 
bles. It  is  fufficient  to  Jhew  the  method  of  working. 
For  if  the  reader  knows  how  to  work  with  one  fet  of 
tables,  it  will  be  equally  eafy  for  him  to  work  with  any 
other  fet,  which  he  /hall  think  better  and  more  exacl, 
when  better  can  be  had. 


W.  Emerfon. 


THE 

CONTENTS. 

SECT.     I. 

OF  the  Syftem  of  the  World,  and  the  explanation  of 
the  Phenomena,  caufed  by  the  motions  of  the  Sun, 
Moon  and  Stars.  The  diftances  and  periods  of  the  Pla- 
nets. The  nature  of  Eclipfes  of  the  Sun  and  Moon.  Pa.  2 

SECT.     II. 

Aftronomical  Problems,  depending  on  the  circles  of 
the  Sphere,  calculated  by  fpherical  Trigonometry.        45 

SECT.     III. 

The  ufe  of  the  Globes  in  Aftronomy,  and  the  folu- 
tionof  the  principal  Problems  of  the  Sphere  thereby.   105 

SECT.    IV. 

The  determination  of  the  magnitude  and  fituation  of 
the  orbits  of  the  Earth  and  Planets  ;  their  periodic  times  ; 
the  places  of  the  Stars  ;  and  all  fuch  aftronomical  mat- 
ters as  depend  upon  Obfervations.  This  contains  the  E- 
lements  of  Aflronomy.  128 

SECT.    V. 

The  Theory  of  the  primary  Planets,  and  Comets  5  the 
calculation  of  their  places.  The  £quation  of  time.  The 
times  when  the  Planets  are  ftationary  j  when  they  tranfit 
the  Sun's  difk ;  when  they  are  in  conjunction  j  their  quan- 
tities of  matter,  diameters,  denfities,  figures,  weight  on 
their  furfaces  3  and  their  actions  upon  one  another.       194 

SECT. 


ii  The    CONTENTS. 

SECT.     VI. 

The  Theory  of  the  Moon  and  Satellites ;  the  Sun's 
difturbing  force  upon  them.  The  errors  in  the  Moon's 
and  Satellite's  motions.  Conftru&ion  of  tables,  and  their 
ufe  in  finding  the  Moon's  place,  and  the  time  of  the  Sy- 
ziges.  The  Moon's  Iibration,  her  quantity  of  matter, 
denfity,  &c.  To  find  her  diftance  from  a  Star.  The  er- 
rors of  the  Satellites.  pa.  272 

SECT.    VII. 

The  Eclipfes  of  the  Sun  and  Moon,  and  of  Jupiter's 
firft  Satellite.  326 


ASTRO- 


[  I  ] 


ASTRONOMY. 


D  E  F.     I. 

JSTRONOMT  is  the  fcience  which  treats  of 
the  motions  of  the  heavenly  bodies,  and  ail  the 
phcenomena  arifing  therefrom. 
D  E  F.     II. 
A  Syftem  is  a  particular  difpofition  or  fituation  of 
the  ftars  and  planets  among  one  another,  and  the 
particular  motions  they  are  fuppofed  to  have,  "ac- 
cording to  fuch  or  fuch  an  hypothefis. 

D  E  F.     III. 

Fixt  Stars  are  thofe  that  never  change  their  places 
or  fituations  among  one  another. 

D  E  F.     IV. 

Planets  are  thofe  ftars  that  change  their  places, 
and  move  round  fome  center. 

D  E  F.     V. 

Satellites  are  thofe  fmall  ftars  that  move  round 
the  larger  planets. 

D  E  F.    VI. 

Comets  are  a  fort  of  ftars  that  appear  but  fome- 
times,  and  move  off  to  a  great  diftance,  and  become 
at  laft  invifible,  and  remain  fo  a  long  time. 

D  E  F.     VII. 

An  Eclipfe  is  a  real  or  apparent  deprivation  of 
light  from  the  whole  or  part  of  a  luminous  body. 
B  SECT. 
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SECT.     I. 

Of  the  Syjiem  of  the  Worlds  a)id  the 
Explanation  of  the  Phcenomena  cauf- 
ed  by  the  Motions  of  the  Sun,  Moon 
and  Stars.  The  Diflances  and  Periods 
of  the  Planets  ;  the  Eclipfes  of  the 
Sun  and  Moon. 

fc  — — ^— —■■ —  ■■  w— — m       ■».f  ,.■■■■■■  ■    i         i'»^-^— ^w^ 

PROP.     I.      Pr^. 

*"  2S*      T0  defcribe  the  planetary  fyftem,  and  conftruftion  of 
the  world. 

MANY  hypothefes  have  been  formed  for  explain- 
ing the  motions  and  appearances  of  the  heavenly 
bodies  ;  and  every  hypothefis  that  ever  was  framed, 
could  account  for  fome  or  other  of  them  •,  but  fince 
at  that  time  men  were  ignorant  of  the  laws  of  mo- 
tion, it  could  not  be  expected  that  they  could  hit 
upon  the  true  fyftem,  or  fuch  a  one  as  could  ex- 
plain all  the  phcenomena.  And  moreover  fince  the 
ufe  of  telefcopes,  numerous  other  phcenomena  have 
offered  themielves,  which  were  quite  unknown  be- 
fore -,  from  whence  it  followed  that  almoft  all  thefe 
hypothefes  fell  fhort  in  accounting  for  them  •,  and 
therefore  fuch  hypothefes  could  not  be  true.  While 
thefe  things  were  thus  difputable,  and  one  contend- 
ed for  one  hypothefis,  and  another  for  another,  Sir 
Ifaac  Newton  laid  down  the  laws  of  nature  and  mo- 
tion, and  comparing  all  the  phcenomena  in  the 
heavens,  he  found  out  the  true  fyftem  of  the  world, 
and  demonstrated  by  unanfwerable  arguments,  that 

it 
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it  could  not  poftibly  be  any  otherwife  without  the  Fig-. 
utter  fubverfion  of  all  the  laws  of  nature.     The 
true  fyftem  founded  upon  the  laws  of  nature,  and 
true  mechanical  principles,  is  that  which  follows. 

1.  In  this  glorious  fyftem,  the  fun  is  placed  near-  1. 
ly  immovable  in  the  center  of  the  orbits  of  all  the 
planets,  and  in  thefe  orbits  they  move  round  the 
fun,  each  in  its  periodic  time.  The  fun  as  has 
been  faid  keeps  always  in  or  near  the  fame  place  ; 
but  has  a  rotation  round  its  axis  from  welt  to  eaft: 

in  about  25  days.  The  orbits  of  all  the  planets^ 
are  nearly  circular,  having  the  fun  for  their  center; 
but  in  ftrictnefs  they  are  ellipfes,  having  the  fun  in 
the  focus  of  each  of  them.  Thefe  orbits  are  not 
all  in  one  plane,  and  yet  do  not  vary  a  great  deal ; 
they  interfect  one  another  in  lines  that  pafs  thro* 
the  center  of  the  fun,  the  places  of  the  orbits  where 
they  interfect  are  called  the  Nodes,  All  the  planets 
move  round  the  fun  the  fame  way,  which  is  from 
weft;  to  eaft.  And  their  diftances  from  the  fun  are 
nearly  as  reprefented  in  the  figure.  Let  S  be  the 
Sun,  M  Mercury,  V  Venus,  E  the  Earth,  N  Mars, 
J  Jupiter,  and  R  Saturn  ;  and  their  diftances  from 
the  fun  are  as  follow,  the  diftance  of  Mercury  from 
the  fun  is  4,  of  Venus  7,  of  the  earth  10,  or  Mars 
15,  of  Jupiter  52,  and  of  Saturn  95,  of  equal 
parts  of  a  right  line.  Alfo  the  periodic  time,  or 
the  time  of  a  revolution  of  each  planet  in  its  orbit 
is  as  follows,  Mercury  revolves  in  3  months,  Venus 
in  7  4  months,  the  Earth  in  a  year,  Mars  in  2  years, 
Jupiter  in  12  years,  and  Saturn  in  30  years;  fo 
that  in  this  fyftem  the  earth  is  one  of  the  planets. 

2.  Befides  thefe  which  are  called  primary  pla- 
nets ;  three  of  them  have  others  likewife  revolv- 
ing about  them  ;  all  which  likewife  revolve  from 
weft  to  eaft  •,  thefe  are  called  Secondary  Planets  or 
Satellites.  The  earth  E  has  one  /  called  the  Moon, 
which  revolves  in  27  x  days.     Jupiter  I  has  4  of 
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l?\&.  thefe  moons  or  Satellites,  and  Saturn  R  has  5  of 
1.  them.  Nobody  ever  had  the  leaft  knowledge  of 
thefe  Satellites  of  Jupiter  and  Saturn,  till  the  inven- 
tion of  telefcopes.  The  diftances  of  thefe  Satel- 
lites from  their  refpe&ive  primary  planets  are  as 
follows  •,  the  moon  from  the  earth  is  diftant  60  of 
the  earth's  femidiameters.  The  four  Satellites  of 
Jupiter,  are  diftant  from  Jupiter,  5,  8,  12,  23,  of 
Jupiter's  femidiameters ;  and  their  periodic  times 
are  i-|,  3^  7>  164-  days  refpe&ively.  Likewife 
the  diftances  of  Saturn's  5  Satellites  from  Saturn, 
are  2,  24-,  34>  8,  and  24  femidiameters  of  Saturn's 
ring.  And  their  periodic  times  are  2,  2^,  4^,  1 6, 
79I-  days  refpectively.  All  thefe  meafures  are  on- 
ly taken  in  round  numbers. 

3.  Befides  the  planets  and  their  Satellites,  there 
is  another  fort  of  bodies  revolving  about  the  fun, 
which  only  appear  fometimes,  thefe  are  the  Comets  \ 
and  they  move  either  in  very  long  ellipfes,  which 
run  to  an  immenfe  diftance  from  the  lun ;  or  in 
parabolic  curves,  and  then  they  never  return.  Thefe 
move  in  all  manner  of  directions  round  the  fun ; 
fome  the  fame  way  as  the  planets,  and  fome  the 
■contrary  way,  they  cut  the  plane  of  the  earth's  or- 
bit, in  all  forts  of  angles,  fome  greater  and  fome 
lefler.  And  fome  of  thefe  bodies  are  fever al  hun- 
dred years  in  making  a  revolution  ;  and  therefore 
the  periodic  times  of  few  of  them  are  known.  Nor 
•can  their  number  be  determined  for  want  of  a 
proper  feries  of  obfervations.  There  has  not  been 
above  forty  of  thefe  bodies  obferved  ;  and  of  thefe 
fdme  may  happen  to  be  the  fame,  coming  about 
■again.  They  are  diftinguifhed  from  other  ftars, 
by  a  luminous  ftream  of  light  which  they  emit 
(called  the  tail),  when  they  come  near  the  fun. 

4.  The  inclination  of  the  orbits  of  the  planets 
to  the  plane  of  the  earth's  orbit  are  as  follows ; 
die  orbit  of  Mercury  7  degrees,  of  Venus  3^,  °f 
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Mars  2,  of  Jupiter  14,  and  of  Saturn  24  degrees.  Fig. 
Whence  their  inclinations  are  fo  fmall,  that  they   i. 
are  almoft  coincident.    The  characters  of  the  celei- 
tial  bodies  are,   0  the  Sun,    5  the  Moon,   $  Mer- 
cury,   ?  Venus,    $  Mars,    %  Jupiter,  h  Saturn; 
and  @  the  Earth. 

5.  The  fixed  ftars  are  at  an  immenfe  diftance-, 
for  by  the  niceft  obfervations,  they  have  no  annual 
parallax  that  is  fenfible  -,  that  is,  they  appear  to  the 
earth  when  on  difFerent  fides  of  its  orbit  to  be  ex- 
actly in  the  fame  places  -,  and  therefore  the  earth's 
orbit  feen  from  a  fixed  ftar,  will  appear  only  as  a 
point.  Confequently,  the  fixed  ftars,  all  mine  with 
their  own  native  light.  For  it  would  be  impofiible 
for  light,  tranfmitted  from  the  fun  to  them,  ever 
to  be  vifible,  for  it  would  be  infinitely  weak  at.  that 
immenfe  diftance. 

7.  Tho'  the  diftance  of  the  fun  is  almoft  nothing 
in  refpect  of  that  of  the  fixed  ftars,  yet  it  is  immenfe- 
ly  great,  in  refpefl  of  the  moon's  diftance.  For 
the  fun's  diurnal  parallax  is  fo  fmall,  that  is,  the 
apparent  femidiameter  of  the  earth  feen  from  the 
fun,  is  fo  fmall,  that  no  inftruments  could  be  fa 
exactly  made  as  to  find  it.  And  hence  the  fun's 
magnitude  is  vaftly  greater  than  the  earth's.  For 
fuppofmg  the  fun's  parallax  to  amount  to  as  much 
as  a  minute,  then  fince  the  apparent  diameter  of 
the  fun  is  half  a  degree,  this  would  make  the  fun's 
diameter  1 5  rimes  as  big  as  the  earth's  •,  but  the 
fun's  parallax  is  no  fuch  thing,  for  it  is  found  not. 
to  exceed  10  feconds,  which  will  make  the  fun's, 
diameter  90  times  as  big  as  the  earth's.  That  the 
fun  is  a  great  body  of  fire  is  evident  from  the  heat; 
of  it.  And  that  it  is  of  a  globular  form,  is  plain 
from  the  apparent  motion  of  the  fpots  upon  its, 
furface ;  for  while  the  fun.  moves  uniformly  about, 
its  axis,  the  fpots  in  the  middle  of  the  difk.  move, 
very  quick,  but  near  the  edges  grow  flower  and; 
B  2  flower* 
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Fig.  (lower,  agreeable  to  the  motion  of  a  globe  about 
j.    its  axis.     By  obfervation  of  thefe  fpots,  the  funis 
found  to  revolve  about  its  axis  in  25  or  26  da^s. 

8.  In  our  planetary  fyftem,  none  of  the  celefcial 
bodies  mine  with  their  own  native  light,  but  only 
the  fun.     So  that  all  the  planets  both  primary  and 
fecondary  are  opake  bodies,    that  have  no   other 
light  but  what  they  receive  from  the  fun,  and  re- 
flect it  back  towards  the  earth  and  other  places. 
This  is  evident  from  the  moon,  for  only  that  fide 
of  her  is  obferved  to  fhine  which  is  directly  op- 
pofed  to  the  fun,  but  the  other  fide  which  is  from 
the  fun  is  quite  dark,  except  fo  far  as  it  is  illumi- 
nated by  reflexion  from  the  earth  •,  for  the  more  of 
the  illuminated  fide  that  is  turned  towards  the  earth, 
the  more  we  fee  her  enlightened ;  the  reft  being 
dark.     And  the  more  of  her  dark  fide  that  is  turn- 
ed   towards  the  earth,    the  more   of  her  appears 
dark.     1  hus  at  the  full  fhe  appears  all  enlighten- 
ed, and  at  the  change  all  dark.     The  like  phceno- 
mena  are  obferved  in  Mercury  and  Venus,  which 
mew  all  the  phafes  of  the  moon,  according  to  their 
various  fituations  \  and   fometimes   appear  like  a 
black  fpot  upon  the  body  of  the  fun.     Mars  like- 
wife  appears   gibbous  when  near  the  quadratures 
with  the  fun.    The  Satellites  of  Jupiter  are  eclipfed 
when  they  aie  behind  his  body,  being  then  immerfed 
in  his  fhadow  •,  they  likewife  call  their  fhadows  up- 
on the  body  of  Jupiter.     And  in  Saturn  the  fha- 
dow of  the  ring  upon  his  body  proves  his  opa- 
city.    And  the  weaknefs  of  the  light  of  thofe  that 
are  far  diftance  from  the  fun,  fhows  that  it  is  not 
innate  but  borrowed. 

9.  All  the  planetary  bodies  are  fpherical,  and 
all  or  moft  of  them  have  a  rotation  round  their 
axes.  Thus  the  earth  revolves  in  24  hours  ;  and 
we  find  by  obfervation,  that  Venus  revolves  in  23 
hours,  Mars  in  ia~  hours,  Jupiter  in  near  10  hours, 

and 
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and  the  moon  in  2  7  days  being  her  periodic  time,  Fig. 
and  always  turns  the  fame  face  towards  the  earth.  1. 
Thefe  motions  are  found  by  means  of  certain  fpots 
upon  their  furfaces,  which  give  us  the  time  of  their 
rotation.  In  the  other  planets,  for  the  want  of  fuch. 
marks,  the  times  of  their  rotation  have  not  yet 
been  found.  And  that  they  are  fpherical  bodies 
appears  from  the  flow  motion  of  the  fpots  near  the 
edges,  and  their  fwifter  motion  near  the  middle. 
Likewife  the  line  feparating  the  illuminated  part 
from  the  dark  is  always  elliptical,  which  proves 
their  figure  to  be  fpherical. 

10.  Befides  the  Satellites  of  Saturn,  he  is  encom,-   2. 
paITed  with  a  thin  ring  AB,  concentrical  with  him, 
and  whofe  diameter  is  more  than  double  Saturn's 
diameter  CD  •,  and  the  breadth  of  the  ring  is  equal 

to  the  hollow  fpace  between  the  ring  and  his  body. 
This  is  a  very  odd  phcenomenon,  and  the  like  is 
not  to  be  found  in  any  other  celeftial  body.  Its 
plane  makes  an  angle  of  a  1  degrees  with  the  eclip- 
tic., and  coincides  nearly  with  the  orbits  of  the 
Satellites  •,  from  whence  it  is  probable  that  this  ring 
revolves  in  that  plane,  in  the  nature  of  a  Satellite, 
or  rather  of  a  vafl  number  of  Satellites,  which 
touch  one  another,  and  compofe  the  ring.  In 
fome  places  of  his  orbit  his  ring  cannot  be  feen, 
when  its  plane  pafTes  thro'  the  earth.  In  other  po- 
fitions  it  is  vifible  more  or  lefs.  ■ 

11.  The  body  of  Jupiter  is  alfo  encompafTed 
with  feveral  dark  lines,  called  Jupiter's  Belts  5  thefe 
run  about  his  body  parallel. to  his  equinoctial.  But 
thefe  belts  are  obferved  not  to  be  permanent,  but 
to  increafe  and  decreafe  %  and  undergo  feveral 
changes,  and  fo  do  the  fpots  upon  his  fur-face.- 

12.  The  furface  of  the  moon  is  rough  and  un- 
even, and  full  of  innumerable  mountains,  vallies 
and  deep  pits.  This  is  plain  from,  the  line  that 
divides  the  light  from  the  dark  part,  for  this  is 

B  4  always. 
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Fig.  always  jagged  and  uneven  •,  the  higher  parts  run- 
2.  ning  more  into  the  dark  than  the  lower.  The  high 
mountainous  parts  call  a  fhadow  to  a  great  diftance, 
which  gradually  grows  fhorter,  as  the  fun's  light 
comes  more  perpendicular ;  and  by  degrees  the 
light  mines  into  the  hollows  and  vallies,  and  then 
the  fhadows  of  the  edges  gradually  difappear.  There 
are  feveral  fpots  in  the  moon,  fome  brighter,  and 
fome  duller ;  but  no  changes  have  ever  been  ob- 
ferved  in  them,  and  they  keep  their  places  and 
magnitude  and  colour.  There  are  fuppofed  to  be 
no  clouds,  rain  or  water  in  the  moon  •,  for  me  al- 
ways has  the  fame  appearance.  There  are  no  ri- 
vers, no  feas  •,  for  fuch  places  as  are  fmooth  and 
look  molt  like  feas,  are  full  of  fmall  hills  and  hol- 
lows, and  fuch  irregularities-,  and  therefore  can 
contain  no  water.  She  always  turns  the  fame  face 
nearly,  towards  the  earth.  The  moon  is  far  lefs 
than  any  of  the  plnnets,  and  yet  appears  vaftly 
greater-,  even  as  big  as  the  fun.  And  the  reafon 
is,  becaufe  it  is  vaftly  nearer  than  any  of  the  reft. 

Scholium. 

The  Syftem  of  the  World,  as  here  defcribed,  is 
called  the  Copemican  Syftem ;  but  other  fyftems 
have  been  eftablifhed  and  received  at  different 
times,  which  are  founded  upon  the  earth  being 
fixed  in  the  center  of  the  world.  They  are  thefe 
that  follow. 

The  Ptolemaic  Syftem,  is  that  which  fuppofes  the 
earth  at  reft  in  the  center  of  the  fyftem,  about  which 
the  planets  are  fuppofed  to  move  in  circles  •,  as  firft 
the  Moon,  the  next  above  her,  Mercury ;  and  then 
Venus  •,  and  beyond  her,  the  Sun  ;  then  Mars ; 
then  Jupiter  •,  and  above  him,  Saturn  ;  and  laftly, 
the  fphere  of  the  fixed  ftars.  The  planets  and  ftars 
are  all  fuppofed  to  move  round  the  earth  from  eaft 
to  weft  in  24  hours. 

The 
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The  Tychonic  Syflem,  fuppofes  the  earth  abfolute-  Fig* 
\y  at  reft,  and  that  the  moon  and  fun  revolve  about  2. 
the  earth  ;  the  moon  in  a  month,  and  the  fun  in  a 
year  •,  and  at  the  fame  time,  the  reft  of  the  planets, 
Mercury,  Venus,  Mars,  Jupiter,  and  Saturn,  re- 
volve round  the  fun  •,  the  three  laft  encompaffing 
the  earth.  And  befides,  they  are  all  fuppofed  to 
have  a  diurnal  motion  round  the  earth,  as  likewife 
all  the  ftars. 

The  Semi-tychonic  Syjlem,  fuppofes  the  planets  to 
revolve  round  the  fun,  while  the  fun  and  moon  re- 
volve about  the  earth  as  their  center  of  motion ; 
and  it  fuppofes  the  earth  to  move  about  its  axis 
from  weft  to  eaft  in  24  hours.  This  differs  from 
the  tychonic  only  in  this,  that  it  fuppofes  a  diurnal 
motion  in  the  earth  ;  but  like  the  tychonic,  denies 
an  annual  one. 

None  of  thefe  fyftems  can  account  for  all  the 
phcenomena ;  and  therefore  I  fhall  fay  no  more 
about  them. 

P  R  O  B.    II. 

To  explain  the  rifing  and  fetting  of  the  fun,  moony 
andjiars  -,  the  reafon  of  day  and  night,  &c. 

The  phcenomena  of  the  apparent  motion  of  the  3. 
fun,  is  explained  by  the  motion  of  the  earth,  thus. 

Let  FGHI  be  the  eartK,  O  its  center-,  and  let 
it  revolve  about  an  axis  perpendicular  to  the  plane 
of  the  figure,  in  the  order  IFGH ;  that  is,  from 
weft  to  eaft.  Let  A  be  the  fun,  draw  AFOHC, 
and  GOI  perpendicular  to  it ;  let  a  fpectator  be  at 
I  •,  then  fince  the  tangent  at  I  (which  reprefents 
the  horizon)  will  be  parallel  to  AFH,  and  A  at  an 
immenfe  diftance  ;  they  will  nearly  meet  in  A,  and 
the  fun  at  A  will  be  rifing  in  the  horizon  at  I.  As 
the  earth  moves  round,  the  fpe&ator  is  carried 
towards  F,  and  the  fun  at  A  feems  to  rife  higher 

and 
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Fig.  and  higher ;  and  when  the  fpectator  is  arrived  at 
3,  F,  then  the  fun  is  at  the  high  eft.  As  the  earth 
ftill  turns  round,  and  the  fpectator  is  carried  from 
F  towards  G,  the  fun  appears  to  defcend,  as  if  it 
moved  towards  D  •,  and  when  the  fpectator  is  ar- 
rived at  G,  then  the  fun  appears  in  the  tangent  at 
G ;  that  is,  in  the  horizon  at  G  •,  and  therefore 
the  fun  is  fetting.  Afterwards,  all  the  time  the 
fpectator  is  moved  thro'  GUI,  the  fun  appears  un- 
der the  horizon,  till  it  comes  at  I,  where  the  fun 
feems  to  rife  again.  Now  it  is  evident,  that  while 
the  fpectator  is  carried  thro'  the  illuminated  half 
of  the  earth  IFG,  it  is  day-light;  and  at  the  mid- 
dle point  F,  is  noon  day.  Alfo  whilft  the  fpecta- 
tor is  carried  thro1  the  dark  hemifphere  GHI,  it 
is  night  •,  and  at  H,  it  is  midnight.  And  thus 
the  viciffitude  of  day  and  night  appears,  by  the  ro- 
tation  of  the  earth  about  its  axis. 

What  has  been  faid  of  the  fun,  is  equally  true 
of  the  moon,  or  any  ftar  placed  at  A.  And  there- 
fore all  the  celeftial  bodies  feem  to  rife  and  fet  by 
turns,  one  after  another,  according  to  their  various 
fltuations.  For  let  A,  B,  C,  D  be  four  ftars  •,  when 
the  fpectator  is  at  I,  the  ftar  A  rifes  ;  and  when  at 
G,  it  fets.  When  the  fpectator  is  at  F,  B  rifes ; 
and  when  it  is  at  H,  it  fets.  And  when  the  fpec- 
tator is  at  G,  C  rifes  ;  and  when  it  is  at  I,  it  fets. 
Alfo  when  the  fpectator  is  at  H,  D  rifes ;  and 
when  at  F,  it  fets.  And  the  like  for  all  others,  ac- 
cording to  their  particular  pofitions. 

Cor.  1 .  Hence  it  is  the  very  fame  thing,  as  to  the 
diurnal  motions,  whether  the  earth  moves  uniformly 
about  its  axis,  while  the  heavens  jiand  ftill ;  or  whe- 
ther the  heavens  move  uniformly  round,  whilji  the 
earth  ftands  ftill.  The  phenomena  king  exactly  the 
fame  either  way. 

Far 
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For  whether  the  fpectator  moves  uniformly  in  Fig. 
the  arch  IF,  from  welt  to  eaft,  whilft  A  is  fixed ;   3. 
or  A  moves  uniformly  in  the  arch  AD,  from  eaft 
to  weft,  whilft  I   is  fixed  ;  the  fame  angle  will  be 
defcribed,  and  therefore  the  altitude  of  A,  above 
the  horizon,  will  be  the  fame  either  way. 

Cor.  2 .  Hence,  as  to  all  the  diurnal  phcenomena> 
'tis  the  fame  thing  in  effetl,  whether  we  fuppofe  the 
earth  to  move,  or  the  heavens  to  move,  Andfince  the 
latter  feems  to  he  the  cafe  (or  is  fo  in  appearance,) 
therefore  ail  calculations  are  made  upon  this  fuppofi- 
tion, that  the  fun,  or  the  moon,  or  any  far,  moves  in 
its  parallel  from  eaft  to  weft. 

That  all  computations  of  the  places  of  the  fun, 
moon  and  ftars,  are  made  upon  this  fuppofition, 
will  appear  when  we  come  to  the  calculation  of  fuch 
aftronomical  problems,  as  depend  on  the  circles  of 
the,  fphere.  For  all  calculations  are  eafieft  com- 
puted upon  this  fuppofition. 

Scholium. 

That  the  earth  really  turns  round  its  axis  once  in 
24  hours,  and  by  that  means  caules  all  the  phceno- 
mena  of  the  diurnal  motion,  is  proved  thus.  It 
is  plain,  that  either  the  earth  muft  revolve  round 
its  axis  in  24  hours,  or  elfe  the  heavens,  with  all 
their  furniture,  muft  revolve  round  the  earth,  in 
the  fame  time.  But  it  cannot  be  the  heavens  that 
revoive  ;  for  example,  fuppofe  the  fun  revolves  af- 
ter this  manner.  Every  body  revolving  round  ano- 
ther body  as  its  center,  it  is  necefTary  that  the  cen- 
tral body  muft  always  be  in  the  plane  in  which  the 
revolving  body  moves  ;  whatever  curve  it  defcribes ; 
otherwife  it  cannot  be  faid  to  revolve  about  that 
body,  but  about  fome  other  point.  Therefore  if 
the  fun  moves  about  the  earth  in  a  day,  the  earth 
muft  be  in  the  plane  defcribed  by  the  fun  in  a  day. 

But 
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Fig.  But  this  never  happens  but  accidentally,  two  days 
3.  in  the  year,  at  the  equinoxes.  For  at  all  other 
times  the  fun  defcribes  the  feveral  parallel  circles, 
that  have  not  the  earth  for  their  center.  Therefore 
the  fun  can  no  more  be  faid  to  revolve  about  the 
earth,  than  a  body  moving  round  the  bafe  of  a 
cone,  can  be  faid  to  revolve  about  the  vertex. 

This  may  be  proved  experimentally  thus,  erect  a 
gnomon  upon  any  plane  facing  the  fouth,  and  ob- 
ferve  the  line  which  the  fhadow  of  the  top  of  it, 
defcribes  upon  that  plane,  thro'  any  day  -,  and  for 
feveral  days  in  the  year  •,  and  you'll  find  it  always 
a  curve  line,  except  when  the  fun  is  in  the  equi- 
noxes. And  therefore  the  earth  is  never  in  the 
plane  of  the  diurnal  orbit,  but  then.  For  if  the 
end  of  the  gnomon  kept  all  the  while  in  the  plane 
of  the  diurnal  orbit,  the  fhadow  defcribed  would 
be  a  right  line,  fince  the  interferon  of  two  planes 
is  always  a  right  line.  Therefore  the  earth  not  be- 
ing in  the  plane  of  its  diurnal  orbit,  the  fun  re- 
volves not  round  the  earth,  as  a  center,  in  a  day. 

It  is  to  no  purpofe  to  object,  that  if  the  gnomon 
was  at  the  earth's  center  its  fhadow  would  be  a 
right  line.  For  by  reafon  of  the  great  diftance  of 
the  fun,  this  makes  no  fenfible  difference.  For 
notwithstanding  that,  it  defcribes  right  lines  at  the 
equinoxes ;  and  at  the  folflices,  two  curves  exact- 
ly alike,  with  their  concavities  the  contrary  way. 

What  has  been  faid  of  the  fun  is  alfo  true  of  the 
liars,  only  the  ftars  not  changing  their  declination, 
they  are  always  in  their  refpective  parallels.  And 
therefore  the  earth  is  never  in  the  center  of  any  of 
their  motion,  but  fuch  as  happen  to  be  in  the  plane 
of  the  equator.  Therefore  fince  the  fun  and  ftars 
move  not  round  the  earth  in  a  day,  it  follows  that 
the  earth  revolves  about  its  own  axis  in  a  day. 
Hence  the  apparent  diurnal  revolution  of  the  fun 

and 
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and  ftars  proceeds  from  the  real  revolution  of  the  Fig. 
earth  round  its  axis.  3. 

It  muft  appear  fttange  to  fuppofe,  that  all  the 
ftars,  at  immenfe  diftances,  and  at  different  dis- 
tances too,  mould  all  revolve  precifely  in  the 
fame  time  of  24  hours  ;  thofe  about  the  equinoc- 
tial moving  incredibly  fwift,  whilft  thofe  near  the 
pole  move  very  flow  in  appearance ;  and  yet 
all  of  them  confpire  to  perform  their  revolu- 
tions in  the  fame  fmall  fpace  of  time  •,  a  thing  not 
to  be  imagined,  and  utterly  inconfiftent  with  all  the 
laws  of  motion. 

P  R  O  B.      III. 

To  explain  the  different  J eafons  of  the  year,  and  ac-   4, 
count  for  the  lengthening  and  fhortening  of  days,  &c. 

The  orbit  of  the  earth  extended  to  the  heavens, 
is  called  the  Ecliptic ;  and  is  divided  by  aftrono- 
mers  into  1 2  equal  parts,  called  Signs  -,  thefe  figns 
are,  Aries  v ,  Taurus  «  ,  Gemini  n ,  Cancer  25 , 
Leo  a,  Virgo  "£,  Libra  ^=,  Scorpio  in,  Sagitary  £  , 
Capricorn  vf,  Aquarius  xr,  Pifces  X.  Therefore 
let  v  25  =£=  v?  be  the  earth's  orbit,  S  the  fun.  This 
orbit  is  fo  fmall  in  refpect  to  the  diftance  of  the 
fixed  ftars,  that  the  fame  afpect  of  the  heavens  will 
appear,  whether  a  man  be  placed  in  the  earth  or 
in  the  fun.  Now  if  the  earth  be  at  v,  a  fpe&ator 
will  fee  the  fun  in  ^  ;  and  when  the  earth  comes 
to  « ,  he  will  fee  the  fun  in  ttj,  ;  and  the  fun  will 
appear  to  have  moved  thro'  =c=  «x .  And  whilft  the 
earth  is  moving  to  n ,  the  fun  will  feem  to  pafs 
thro'  n\  $  ;  and  hence  a  perfon  in  the  earth  obferves 
the  fun  to  go  thro'  the  fame  fpace  in  the  heavens, 
that  a  fpectator  at  the  fun  would  fee  the  earth  go 
through.  And  becaufe  he  is  not  fenfible  of  the 
garth's  motion,  he  afcribes  that  motion  to  the  fun, 
which  in  reality  is  unmoved.  And  hence,  becaufe 
the  relative  motion  is  the  fame,  whether  of  the  two 

is 
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Fig.  is  moved,  and  all  effe&s  are  the  fame  as  to  their 
4.    places  •,  therefore  aftronomers  generally  fuppofe  the 
fun  to  move  along  the  ecliptic,  defcribing  its  orbit 
round  the  earth  at  reft. 

Let  NEAQ^  be  the  earth,  which  is  a  fphere ; 
and  let  NA  be  its  axis,  about  which  it  revolves  in 
24  hours.  N  the  north  pole,  A  the  fouth ;  and  EQ^ 
the  equinoctial,  or  a  circle  equidiftant  from  the  poles 
N,  A.  And  let  PR  be  a  parallel  of  latitude  paf- 
fing  thro'  any  place.  Draw  a  plane  GtI  perpen- 
dicular to  vf  S  25 ,  this  divides  the  illuminated  he- 
mifphere  from  the  dark  one.  The  axis  NA  is  in- 
clined to  the  plane  of  the  ecliptic  or  earth's  orbit, 
in  an  angle  of  66^  degrees.'  And  during  the  earth's 
motion  in  its  orbit,  the  axis  always  remains  in  a 
parallel  pofition,  or  pointing  to  the  fame  ftar.  More- 
over the  earth  moves  uniformly  round  this  axis  ; 
and  therefore  defcribes  equal  arches  in  equal  times. 
Now  let  the  earth  be  at  ^  •,  in  this  pofition,  the 
circle  dividing  the  light  and  dark  hemifpheres  palTes 
thro'  the  poles  N  and  A.  And  confequently  by  the 
nature  of  the  fphere,  divides  all  the  parallels  as  PR. 
into  two  equal  parts  ;  and  therefore  any  point  in 
that  parallel,  as  the  earth  revolves  round,  will  (lay 
as  long  in  the  light  hemiiphere  as  in  the  dark.  That 
is,  the  days  and  nights  are  equal.  Then  as  it  moves 
to  tix,  the  pole  N  comes  into  the  light  hemifphere, 
by  reafon  of  the  oblique  pofition  of  the  axis  NA. 
And  as  it  proceeds  to  t  and  y,  the  light  hemif- 
phere reaches  farther  and  farther  beyond  N,  till 
coming  toy,  it  is  at  the  farther!:,  reaching  to  G, 
and  making  the  arch  NG  234  degrees,  the  comple- 
ment 01  NyS,  or  66~  degrees.  And  then  the  op- 
pofite  pole  A  is  as  far  involved  in  the  dark  hemif- 
phere. Whence  in  north  latitudes,  or  in  the  he- 
mifphere ENQ  the  days  have  been  increafing  from 
^  to  v,  where  they  are  at  their  longer!  ;  for  the 
greater  part  of  the  parallel  PDQ^  as  PD  is  in  the 

iliumi- 
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illuminated  hemifphere,  and  only  the  part  DR  in  Fig. 
the  dark.  But  in  the  oppofite  or  fouthern  hemif-  4. 
phere  the  days  have  been  decreasing,  and  are  at 
their  ihorteft  at  y$.  For  ail  the  parallels  to  EQ  have 
their  greater  part  in  the  dark  hemifphere.  If  thro' 
the  point  G,  a  parallel  be  defcribed,  this  parallel 
is  called  the  Arttic  Circle ;  and  all  the  fpace  con- 
tained therein  is  illuminated,  and  therefore  there  is 
no  night,  during  the  earth's  flay  at  Vf .  And  for 
the  fame  reafon,  the  fpace  within  the  parallel  drawn 
thro'  I,  will  be  all  dark,  and  all  is  night  there. 
Likewife  if  a  parallel  be  drawn  thro'  B,  where  S  v? 
cuts  the  arch  NE,  that  parallel  is  called  the  'Tro- 
pic of  Cancer ;  and  then  the  tan  will  fhine  perpen- 
dicular upon  the  inhabitants  in  that  parallel.  This 
is  the  fummer  feafon  for  thole  that  are  in  the  he- 
mifphere ENQ,  and  the  winter  for  thole  that  live 
in  EAQ.  And  fince  EQ^  is  equally  divided  by 
the  circle  of  light  and  darknefs  GI  •,  therefore  the 
days  and  nights  are  always  equal  under  the  equi- 
noctial. 

Again,  whilft  the  earth  moves  thro'  zz  and  >£ 
to  <v ,  the  circle  of  light  and  darknefs  comes  nearer 
and  nearer  to  the  pole  N,  the  angle  N>pG  and  con- 
fequently  BvfE  grows  lefs  and  leis,*  till  they  vanifh 
in  v  ;  then  the  circle  of  light  and  darknefs  paffes 
again  thro'  the  poles  N  and  A,  and  confequently 
bifecls  all  the  parallels  as  PR  •,  and  therefore  the 
days  and  nights  are  again  equal,  all  over  the  earth. 

Whilft  the  earth  moves  thro'  <r ,  y  ,  n  to  25 , 
the  fun  will  feem  to  go  thro'  ^,  rrj,,  $  to  iy; 
then  the  circle  of  light  and  darknefs  will  fall  fhort 
more  and  more  of  the  north  pole  N ;  and  will  go 
further  and  further  beyond  the  fouth  pole  A ;  whence 
the  parallels  cut  by  that  circle  will  have  the  greater 
part  PD  in  the  dark,  in  the  north  hemifphere  •,  but 
in  the  fouth  hemifphere,  the  greater  part  will  be  in 
the  light.     Therefore  'tis  winter  to  the  northern 

hemifphere 
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Fig.  hcmifphere  ENQ,  the  days  being  at  the  fhorteft ; 
4.  and  fummer  to  the  fouthern  hemifphere  EAQ, 
their  days  being  at  their  longeft.  And  within  the 
parallel  drawn  thro'  G,  there  will  be  no  day  whilft 
the  earth  ftays  at  as  ;  and  in  the  parallel  drawn 
thro'  I  there  will  be  no  night.  And  at  the  pole  A 
it  will  be  day  for  6  months,  and  at  the  pole  N  it 
will  be  night  for  fix  months ;  juft  the  contrary  of 
what  happens,  when  the  earth  is  at  vf.  In  this 
pofition,  if  a  parallel  be  drawn  thro'  B,  the  fun 
will  mine  perpendicular  to  the  earth  in  that  paral- 
lel, and  it  is  called  the  'Tropic  of  Capricorn.  And 
a  parallel  drawn  thro'  I  iscalled  the  Ant arfi He Circle. 

Let  the  earih  move  from  25  thro'  si  and  ftjj  to 
=0=  again  ;  it  is  evident  the  circle  of  light  and 
darknefs  draws  nearer  and  nearer  to  the  poles  N 
and  A,  by  which  the  light  and  dark  parts  of 
the  parallels  became  nearer  an  equality,  and  fo  do 
the  days  and  nights.  Therefore  in  the  north  he- 
mifphere ENQ,  the  days  are  increafing ;  and  in 
the  fouth  hemifphere  they  are  decreafing.  And 
the  days  and  nights  become  equal  in  every  place, 
when  the  earth  arrives  at  =&.  And  in  this  man- 
ner, are  the  feveral  feafons  caufed  ;  being  owing 
to  the  obliquity  of  the  axis  of  rotation  of  the 
earth,  to  the  plane  of  the  earth's  orbit.  For  if 
the  axis  was  perpendicular  to  it,  there  could  be 
no  variety  in  the  length  of  days,  in  whatever  part 
of  the  orbit  the  earth  was ;  and  all  feafons  would 
be  alike.  Therefore  the  earth,  in  the  time  of  paf- 
fing  thro'  «r  25  ^  v,  or  thro'  the  whole  ecliptic,  un- 
dergoes allrthe  different  changes  of  its  fituation,  and 
ihews  all  the  variety  of  feafons,  and  fo  compleats 
the  year,  and  begins  a  new  one.  And  after  this 
manner  the  earth  revolves  year  after  year  about  the 
fun  at  reft. 

Cor.  1 .  Hence  the  obliquity  of  the  earth's  axis  to  the 
ecliptic,  (or  which  is  the  fame  thing,)  of  the  equinoc- 
tial 
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tial  to  the  ecliptic,  is  the  caufe  of  the  different  feafons,  Fig. 
as  fummer,  winter,  fpring  and  autumn,,  during  tht   4. 
year.     And  without  this,  there  could  be  no  difference 
of  feafons  ;  and  confequently  it  could  not  be  eafy  to 
know  the  length  of  the  year,  without  obfervations  of 
the  ftars. 

For  the  length  of  the  year  is  had  from  finding 
the  time  by  obfervation,  when  the  fun  is  in  the 
equinoctial  points  %  and  there  being  no  fuch  points 
to  obferve  by  ;  there  could  be  no  method,  but  to 
obferve  by  the  pofition  of  the  ftars  ;  when  the  fame 
ftar  was  again  in  oppofition  to  the  fun  ;  which  none 
but  an  aftronomer  could  do  -,  and  perhaps  no  body 
would  undertake  it,  as  it  could  be  of  no  ufe  when 
found. 

Cor.  2.  The  fun  appears  47  degrees  higher  in  the 
fummer  tropic,  than  it  does  in  the  winter  tropic. 

For  in  fummer  it  feems  to  have  afcended  thro'  the 
arch  BE ;  and  in  winter,  to  have  defcended  thro* 
the  arch  BQ^equal  to  BE  ;  and  their  fum  is  47  de- 
grees. 

Scholium* 

Thefe  phenomena  may  be  reprefented  thus. 
Take  a  fmall  globe  that  has  the  equinoctial  and  pa- 
rallels drawn  on  it.  And  placing  a  candle  upon  a 
table  move  the  globe  round  the  candle  in  a  circle 
parallel  to  the  table,  fo  as  that  the  axis  of  the 
equator  may  be  oblique  to  that  circle,  and  be  kept 
always  in  a  parallel  pofition  whilft  it  moves  about. 
Then  the  candle  will  illuminate  the  globe,  as  it  is 
carried  round  ;  juft  as  the  fun  does  the  earth  in  its 
orbit.  And  the  poles  and  the  parallels  will  be  the 
fame  way  affected  with  light  and  darknefs  as  this 
globe. 

It  is  taken  for  granted  here,  that  the  earth  moves 
round  the  fun  at  reft  in  a  year ;  by  which  meap/s 
all  the  phcenomena  of  the  feafons  are  moft  eaiily 

C  and 
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fig.  and  naturally  accounted  for.     But  in  reality  this  is 
4,   more  than  a  mere  hypothefis ;  for  by  the  laws  of 
centripetal  force  (Prop.  XX.)  if  two  bodies  revolve 
about  each  other,  they  revolve  about  their  com- 
mon center  of  gravity.     Now  the  fun  being  vaftly 
greater  than  the  earth,  the  center  of  gravity  of  the 
two  bodies  falls  within  the  body  of  the  fun,  which 
point  is  at  reft  •,  and  therefore  whilft  they  revolve 
about  one  another,  the  center  of  the  fun  is  very 
little  moved,  being  at  a  very  fmall  diftance  from 
the  center  of  gravity  •,  whence  the  fun  does  not 
ftir  out  of  its  place.     And  confequently  it  is  fact 
that  the  earth  by  its  annual  motion,  moves  about 
the   fun  at  reft.     They  that   afifert  that   the  fun 
moves  round  the  earth,  muft  firft  prove  that  the 
earth  is  vaftly  greater  than  the  fun,  which  they  ne- 
ver can  do ;  and  therefore  that  fuppofition  is  im- 
pomble  in  nature. 

Neither  do  the  planets  revolve  round  the  earth, 
for  then  they  would  defcribe  areas  proportional  to 
the  times  fib.  Prop.  XI.),  which  they  do  not:  and 
fome  of  them  do  not  include  the  earth  in  their  or- 
bits. Likewife  the  fquares  of  the  periodic  times 
would  be  as  the  cubes  of  their  diftances  from  the 
earth  (ib.  Prop.  XVII.),  which  they  are  not.  But 
all  thefe  things  agree  with  the  fun,  as  the  center 
of  their  motions  ;  confequently  the  fun  and  planets 
do  not  revolve  round  the  earth  in  their  feveral  perio- 
dic times,  but  the  earth  and  planets  revolve  about 
the  fun  ;  the  earth  in  a  year,  and  the  planets  in 
their  refpe£tive  periodical  times. 

All  people  agree  that  the  moon  revolves  about 
the  earth ;  and  if  the  fun  revolved  about  it  alfo, 
•  its  velocity  would  be  25  times  the  velocity  of  the 
moon  ;  by  reafon  of  its  great  diftance,  contrary  to 
the  laws  of  nature*  and  Cor.  6.  Prop,  III.  centri- 
petal forces. 

It 
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It  may  be  obferved,  that  the  fame  phcenomena  Fige 
appear,  whether  the   bodies   or  the  fpe&ator  be   4. 
moved  ;  fo  that  it  cannot  be  proved  by  the  obfer- 
vations  themfelves,  whether  the  motion  is  in  the 
fun,  or  in  the  earth. 

P  R  O  B.    IV. 

To  explain  the  increafe  and  decreafe  of  the  moon,  and 
its  different  phafes* 

Let  E  be  the  earth,  ACBD  the  moon  revolving  - 
about  the  earth  in  her  orbit  1357.  The  moon  is 
the  mod  fplendid  planet  in  the  heavens,  Owing  to 
its  apparent  magnitude  and  nearnefs  to  us.  She 
performs  her  revolution  from  change  to  change  in 
a  month ;  during  which  time  me  is  always  chang- 
ing her  figure,  and  putting  on  different  phafes  or 
appearances.  Half  of  her  time  fhe  is  increafing 
from  the  change  to  the  full,  and  in  the  other  half 
fhe  is  decreafmg  from  the  full  to  the  change,  when 
fhe  becomes  invifible.  But  all  this  is  only  in  ap- 
pearance, for  the  moon  is  a  fpherical  opake  body 
like  the  earth,  and  we  can  fee  no  part  of  her  but 
fuch  a  part  of  her  illuminated  hemifphere  as  is 
turned  towards  us,  the  reft  remains  invifible.  From 
thefe  appearances,  one  would  fuppofe  that  the  moon 
is  generated  anew  every  change,  increafes  to  the 
full,  and  then  waftes  away  again  to  nothing  in  the 
change.  To  explain  this,  we  muft  understand, 
that  fhe  has  no  light  but  what  fhe  receives  from  the 
fun,  which  is  the  light  fhe  fhines  with.  For  the 
fun  mining  upon  the  moon,  illuminates  that  he- 
mifphere of  her  which  is  turned  towards  him,  the 
oppofite  hemifphere  being  dark  and  invifible.  And 
by  her  fituation  in  refpedt  of  the  fun,  fometimes  a 
greater  and  fometimes  a  leffer  part  of  her  enligh- 
tened hemifphere  is  turned  towards  us. 

C  2  Let 
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Fig.  Let  S  be  the  fun  at  an  immenfe  diflance  •,  and 
5.  fuppofe  rays  of  light  to  be  drawn  from  the  fun  to 
the  center  of  the  moon,  and  that  BA  is  every- 
where drawn  perpendicular  to  thefe  rays  through 
the  center  of  the  moon.  Then  it  is  evident, 
that  the  circle  BA  is  the  circle  terminating  light 
and  darknefs,  or  dividing  the  light  from  the  dark 
hemifphere.  Alfo  from  E  the  center  of  the  earth, 
draw  lines  every  where  to  the  center  of  the  moon 
in  her  orbit-,  perpendicular  to  which  draw  the 
plane  CD,  then  the  circle  of  vifion  CD  will  divide 
the  vifible  hemifphere  of  the  moon  from  the  invi- 
fible  one. 

Suppofe  the  moon  at  1,  directly  between  the 
earth  and  fun  \  then  the  circle  AB  of  light  and  dark- 
nefs, and  the  circle  of  vifion  CD,  coincide  •,  and  her 
whole  illuminated  hemifphere  is  turned  from  us, 
and  her  dark  fide  towards  us ;  and  we  can  fee  no- 
thing of  her-,  and  now  fhe  is  faid  to  be  at  the 
Change,  or  it  is  new  Moon.  Then  whilft  fhe  moves 
'  along  her  orbit  from  1  towards  2,  part  of  her  illu- 
minated hemifphere  begins  to  appear,  and  at  2 
the  part  CA  becomes  vifible,  and  the  part  DA  re- 
mains dark.  In  this  pofition  fhe  appears  fmall  and 
horned,  with  her  back  towards  the  fun,  her  horns 
looking  eaftward.  Then  while  me  advances  in  her 
orbit  from  2  to  3,  her  light  increafes  more  and 
more,  as  more  of  her  enlightened  fide  appears  to 
us.  And  at  3,  where  3E  is  perpendicular  to  SE, 
there  CD  is  perpendicular  to  AB  ;  then  half  of  her 
enlightened  hemifphere  will  be  vifible,  and  fhe  is 
then  bifecced,  and  lhe  appears  a  half  moon.  Af- 
terwards moving  from  3  to  4,  fhe  flill  increafes 
in  light  •,  and  at  4  the  part  C A  of  her  illuminated 
difk  appears,  which  is  more  than  half,  and  the  part 
DA  only  remaining  dark  j  and  in  this  pofition  fhe 
appears  gibbons  or  crooked  on  both  fides.  Still 
proceeding  in  her  orbit  from  4  towards  5,  her  light 

itill 
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ftill  increafes,  and  at  5  the  circle  AB  terminating;  Fig- 
light  and  darknefs  coincides  with  CD  the  circle  5. 
of  vifion,  and  there  the  whole  illuminated  face  of 
the  moon  is  turned  towards  the  earth,  and  becomes 
vifible.  In  this  fituation,  being  directly  oppofite  to 
the  fun,  fhe  is  faid  to  be  at  the  full.  And  now 
fhe  rifes  when  the  fun  fets,  and  fets  when  he  rifes. 

.  In  like  manner  as  fhe  proceeds  in  her  orbit,  fhe 
begins  to  lofe  part  of  her  light,  and  at  6  the  part 
BC  is  darkened,  and  the  part  DB  only  vifible ;  in 
this  fituation  fhe  is  again  gibbous.  Then  moving 
on  towards  7,  Ihe  lofes  more  and  more  light,  and 
at  7,  where  E7  is  perpendicular  to  SE,  fhe  appears 
bifected  again,  and  becomes  a  half  moon.  The 
moon  ftill  going  forward  towards  8,.  the  illuminat- 
ed part  which  is  vifible,  becomes  lefs  and  lefs,  and 
at  8  fhe  appears  crooked  and  horned*  the  horns 
looking  now  weftward  from  the  full  to  the  change  j 
contrary  to  what  they  did  from  the  change  to  the 
full.  The  moon  ftill  proceeding  to  1,  the  light  by 
degrees  vanifhes,  and  at  1,  her  whole  dark  Tide  is, 
turned  towards  us,  and  (he  is  again  at  the  change. 

It  has  been  obferved,  that  the  moon  has  no 
light  but  what  fhe  receives  from  the  fun ;  but,  this 
is  not  to  be  taken  abfolutely,  for  there  is. a  very 
fmall  quantity  of  light  reflected  to  her  from  the 
earth,   efpecially  near  the  change  •>  which   makes 

-  the  dark  part  vifible  in  a  clear  air.  For  at  that  time, 
the  whole  illuminated  hemifphe?e  of  the  earth  ia. 
turned  towards  the  moon,  and;  enlightens  her  dark 
fide,  and  makes  it  vifible*.  For  fince  the  moon's 
light  enlightens  the  earth;-,  much  more  will  the. 
earth's  reflected  light,  illuminate  the.  moon,.  asy  the- 
earth's  hemifphere  is  1.5  times^  as  great  as  the 
moon's.  And  hence  arifes  that  dim  light,  which, 
is  obferved  in  the  old  moon,  by  which  her  body, 
becomes  vifible,  altho'  but  obfcurely. 

C !  a  Tht 
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Fig.  The  moon  does  not  move  in  the  plane  of  the 
*j.  ecliptic,  but  in  an  orbit  making  about  five  degrees 
inclination  with  it.  And  hence  it  comes  to  pafs, 
that  fometimes  the  moon  rifes  higher  than  the  fun, 
when  the  fun  is  at  higheft ;  and  fometimes  lower 
than  him,  when  he  is  at  the  loweft  meridian  altitude. 

Cor.  Hence  the  moon  has  five  remarkable  phafes 
or  appearances.  1.  New  moon.  2.  Full  moon.  3.  The 
horned  moon.     4.  The  half  moon.     5.    The  gibbous 

moon. 

P  R  O  B.    V. 

To  Jhew  the  nature  of  eclipfes,  and  the  reafon  of 
the  eclipfes  of  the  fun  and  moon. 

Any  opake  body  expofed  to  the  light  of  the  fun, 

or  of  any  other  luminous  body,  will  call  a  fhadow 

behind  it.  This  fhadow  is  nothing  but  a  fpace  void 

of  light,  into  which  if  any  other  body  happens  to 

come,  it  cannot  be  feen  for  want  of  light.     This 

body  coming  within  the  fhadow  of  the  other  is  faid 

to  be  eclipfed.     Hence  there  muft  be  three  bodies 

concerned  in  any  eclipfe,  the  luminous  body,  the 

body  calling  a  fliadow,  and  the  body  involved  in 

the  fhadow.     Now  fince  light  moves  in  right  lines, 

if  the  bodies  be  fpherical,  the  fhadow  will  be  a 

cone  or  the  fruflum  of  one,  whofe  axis  paffes-thro9 

the  center  of  the  luminous  body,  and  the  center 

of  the  body  cafling  the  fhadow. 

5        Let  AB  be  a  luminous  body  as  the  fun,  CD  an 

opake  fpherical  body  expofed  to  its  light.     Draw 

AC,  BD  to  interfeft  in  P  •,  then  the  cone  CDP  is 

the  fnadow  of  CD.     Into  this  fhadow  no  light  can 

come  from  the  luminous  body  AB.     Draw  BCE, 

ADF,  and  the  fpace  ECPDF  is  the  penumbra  arif- 

jng  from  the  fhadow  of  CD ;  in  which  fpace  fome 

light  comes  from  part  of  the  body  AB.     Near  to 

CP 
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CP  and  DP  it  is  nearly  dark,  as  there  is  no  light  Fig. 
comes  there,  but  what  comes  from  fmall  parts  of  6» 
the  body  AB  near  the  edges.  The  further  you  go 
from  CP  and  DP,  the  more  light  there  is,  as  a 
greater  portion  of  the  luminous  body  can  fend  light 
to  thefe  places.  And  near  CE  and  DF  the  penum- 
bra is  exceeding  fmall,  becaufe  almoft  all  the  lu- 
minous body  AB  can  fend  its  light  to  thefe  places.. 
Therefore  the  penumbra  is  darkeft  at  CP,  DP ;  and 
vanifhes  at  CE,  DF;  Now  if  any  opake  body  as 
G  happens  to  be  in  or  near  the  fhadow  CDP,  that 
part  which  is  within  the  fhadow  will  be  totally 
dark  •,  and  the  part  that  is,  in  the  penumbra,  will 
have  rome  faint  light,  which  is  greater,  the  further 
it  reaches  from  DP.  The  body  G  then  will  be 
eclipfed  either  partially  or  totally.  If  the  center 
of  the  body  G  happen  to  fall  in  the  axis  of  the  cone 
CDP,  it  will  be  centrally  eclipfed  5  and  if  its  dia- 
meter be  lefs  than  the  diameter  of  the  cone  of  fha- 
dow  in  that  place,  it  will  be  totally  eclipfed.. 

Therefore  if  AB  be  the  fun,  CD  the  earth  mov- 
ing in  its  orbit*  and  G  the  moon  revolving  about 
the  earth ;  when  the  moon  at  G  comes  to  the  op- 
pofition  of  the  fun,  or  ta  be  full  moon,  it  will 
then  come  near,  or  fall  into  the  fhadow  of  the 
earth  CDP,  if  it  falls  into,  the  fhadow  it  will  be 
eclipfed.  Now  if  the  moon's  orbit  was  in  the  plane 
of  the  ecliptic  or  the  earth's  orbit,  there  would  be 
an  eclipfe  of  the  moon  every  full  moon,  and  a 
central  one.  For  at  every  full  moon  the  centers  of 
all  the  three  bodies  would  be  in  a  right  line  ;  and 
therefore  the  moon  muft  needs  go  thro'  the  earth's; 
fhadow. 

Again,  when  the  moon,  by-  revolving  in  its  or- 
bit, is  come  to  the  oppofite  fide  at  H,  where  it 
is  new  moon,  then  its  body  will  be  between  the 
fun  AB  and  earth  CD,  and  confequently  will  caft 
a  fhadow  upon  the  earth.  And  to  thofe  that  live 
C  4  uporte 
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Fig.  upon  that  fpot  of  earth,  the  fun  will  feem  to  be 

6.  eclipfed,  or  to  lofe  its  light ;  tho'  in  reality  it  is 
that  part  of  the  earth  that  is  eclipfed.  And  there- 
fore if  the  moon's  orbit  be  in  the  plane  of  the 
earth's  orbit,  there  will  be  an  eclipfe  of  the  fun 
every  new  moons  for  their  centers  will  then  be  all 
in  a  right  line. 

But  the  orbits  of  the  earth  and  moon  are  not  in 
one  plane  •,  and  therefore  there  cannot  be  any  eclipfe 
but  when  their  oppofition  or  conjunction  happens 
at  fuch  a  time  when  they  are  at  or  near  the  inter- 
feron of  their  orbits,  that  is,  at  their  nodes.  For 
at  the  interferon,  they  will  be  all  in  a  right  line. 

7.  Let  E  be  the  earth,  BLAC  the  moon's  orbit ; 
AGBD  a  circle  drawn  in  the  plane  of  the  eclip- 
tic, interfering  the  moon's  orbit  at  A  and  B,  the 
nodes ;  AB  the  line  of  the  nodes  -,  the  angle  GAL 
or  DBC  the  inclination  of  the  moon's  orbit  to  the 
ecliptic,  5  degrees.  Now  as  the  moon  moves  in 
the  orbit  BLAC,  and  the  fun  feems  to  move  in  the 
orbit  BGAD  •,  they  can  never  be  in  a  right  line 
with  E,  but  when  they  are  in  the  line  of  the  nodes 
AB.  Let  the  fun  be  at  F,  and  the  fhadow  of 
the  earth  diametrically  oppofite,  at  H  ;  and  I  the 
place  of  the  moon  when  the  full  moon  happens ; 
then  if  the  diftance  HI  be  lefs  than  the  fum  of 
their  femidiameters,  there  will  be  a  partial  eclipfe 
of  the  moon  at  H.  But  if  they  are  at  K  and  L, 
fo  far  from  the  node  B,  that  the  diftance  LK  ex- 
ceeds the  fum  of  their  femidiameters,  there  can  be 
no  eclipfe,  for  the  moon  will  mifs  the  fhadow.  And 
if  they  happen  in  B,  there  will  be  a  central  eclipfe. 

Again,  let  the  fun  appear  at  F  in  the  time  of 
the  conjunction,  and  the  moon  be  at  N,  and  if 
they  be  fo  near  the  node  A,  that  the  diftance  of 
their  centers  NF  be  lefs  than  the  fum  of  their  ap- 
parent femidiameters ;  then  there  will  be  an  eclipfe 
of  the  fun  at  F,  at  the  time  of  new  moon.    But  if 

they 
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they  are  fo  far  from  the  node  A,  that  the  diftance  Fig. 
PQ^exceeds  the  fum  of  the  femidiameters,  there  7. 
will  be  no  eclipfe  at  that  new  moon.  For  then  the 
moon  at  Q  can  hide  no  part  of  the  fun  at  P  from 
being  feen  ;  or  the  moon's  ihadow  at  Q  miffes  the 
earth.  Laftly,  if  they  happen  to  be  at  A  in  the 
time  of  new  moon,  there  will  be  a  central  eclipfe 
of  the  fun. 

Since  the  fun  is  bigger  than  the  earth,  and  the 
earth  bigger  than  the  moon  •,  the  fhadow  of  the 
earth  or  moon  will  end  in  a  point.  And  the  dia- 
meter of  the  earth's  fhadow  will  be  far  bigger  than 
the  diameter  of  the  moon.  And  even  at  the  dif-  g. 
tance  of  the  moon's  orbit,  the  diameter  of  the 
fhadow  CD  is  thrice  the  diameter  of  the  moon. 
Whence  it  comes  to  pafs  that  the  moon  is  4  hours 
in  paffing  thro'  the  earth's  fhadow,  or  that  a  cen- 
tral eclipfe  of  the  moon  is  4  hours  long. 

The  moon  CD  being  far  lefs  than  the  earth,  its  0. 
fhadow  CDF  ends  fooner,  or  is  fhorter,  than  the 
earth's  fhadow.  And  fometimes  the  cone  of  fha- 
dow fcarce  reaches  to  the  earth,  and  very  little 
further  at  any  time.  Therefore  the  fection  of  the 
Ihadow,  where  it  falls  on  the  earth,  covers  but  a 
very  fmall  portion  of  the  earth's  furface  AB.  Thus 
the  fhadow  F  eclipfes  the  fun  only  to  thofe  that  live 
upon  that  fpot.  And  as  the  moon  moves  eaflward 
over  the  fun's  difk,  the  fhadow  F  moves  over  the 
furface  of  the  earth  defcribing  the  tract  FG,  go- 
ing off  at  G.  And  all  the  inhabitants  living  un- 
der that  tract,  have  the  fun  fucceffively  eclipfed, 
and  totally.  Thofe  that  live  at  fome  diftance  from 
the  trad  FG,  will  have  a  partial  eclipfe,  as  they 
fall  within  the  circle  of  the  penumbra  HI.  But 
beyond  that,  the  inhabitants  are  not  fenfible  of  any 
eclipfe.  The  cone  of  fhadow  is  fo  narrow  where 
it  falls  upon  the  earth  at  F,  that  the  duration  of  a 
total  eclipfe  continues  but  a  few  minutes  in  any  one 

place. 
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Fig.  place.    And  the  area  which  the  fhadow  covers  does 
9.    not  exceed  three  degrees  in  diameter  •,  tho'  the  pe- 
numbra reaches  over  a  fpace  of  70  degrees,  for 
which  reafon  the  whole  length  of  a  total  eclipfe  is 
about  two  hours. 

Cor.  1.  All  eclipfes  of  the  fun  happen  at  the  change 
of  the  moon  ;  and  all  eclipfes  of  the  moon  are  at  the 
full  moon. 

For  it  is  only  at  the  change  that  the  moon  comes 
between  the  earth  and  fun.  And  'tis  only  at  the 
full,  that  the  earth  can  come  between  the  fun  and 
moon. 

Cor.  2.  'The  nearer  the  fun  and  moon  are  to  the 
nodes,  at  the  time  of  an  eclipfe ;  the  greater  the  eclipfe 
•will  be. 

Cor.  3.  In  every  eclipfe  of  the  moon,  the  eclipfe 
Jirfi  begins  on  her  eaflern  fide,  and  goes  off  on  her 
weft  fide. 

For  her  motion  being  fwifter  than  the  fun's,  or 
the  fhadow  of  the  earth  ;  me  overtakes  the  fhadow 
and  enters  into  it,  on  the  weft  fide,  with  her  eaflern 
limb,  as  fhe  moves  eaftward. 

Cor.  4.  In  eclipfes  of  the  fun,  the  we  fern  fide  is 
firft  eclipfed,  and  ends  on  the  eaflern  fide. 

For  the  moon  moving  fafter,  overtakes  the  fun 
in  his  motion  eaftward. 

Cor.  5.  As  many  eclipfes  happen  of  the  fun  in  gene- 
ral, as  of  the  moon. 

For  the  moon's  fhadow  -f-  the  earth's  diameter 
—  earth's  fhadow  -f  the  moon's  diameter.  Whence 
the  moon's  fhadow  falls  as  oft  on  fome  part  of  the 
earth,  as  the  earth's  fhadow  upon  the  moon. 

Cor.  6.  In  any  particular  place,  there  are  more 
eclipfes  of  the  moon  than  of  the  fun. 

For 
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For  the  lhadow  of  the  moon  is  lefs  than  the  Fig. 
earth's  lhadow,  and  therefore  will  not  fo  often  ob-   0. 
fcure  a  certain  place  of  the  earth,  as  the  earth's 
lhadow  will  of  the  moon. 

Cor.  7.  In  fome  places  of  the  earth,  an  eclipfe  of 
the  fun  may  be  totals  in  others  partial,  and  in  fome 
none  at  all. 

Cor.  8.  Eclipfes  of  the  fun  don't  happen  at  the  fame 
time  in  different  places  of  the  earth. 

For  an  eclipfe  is  vifible  firft  at  its  going  upon 
the  earth's  difk,  then  at  F ;  then  fucceffively  at  all 
the  places  along  the  trad  FG,  as  the  lhadow  goes 
along.     And  laftly  at  its  going  off  at  G. 

Cor.  9.  But  an  eclipfe  of  the  moon  happens  at  the 
fame  time  to  all  the  inhabitants  of  the  earth. 

Thus  all  the  inhabitants  of  the  earth  AB,    to   8, 
whom  the  eclipfe  is  vifible,  will  fee  the  moon  im- 
merged  into  the  lhadow  at  D,  at  the  fame  inltant. 
They  will  alfo  at  the  fame  time  fee  it  pafs  thro' 
the  lhadow  DC,  and  then  emerge  at  C. 

Cor.  10.  The  moon,  before  Jhe  begins  to  be  eclipfed, 
cr  to  enter  into  the  fhadow  of  the  earthy  grows  very 
pale. 

The  reafon  of  this,  is  her  being  in  the  penumbra. 

Cor.  1 1 .  When  it  happens  that  the  cone  of  the  moon*s 
fhadow  does  not  reach  the  earth  -,  there  will  be  no  to- 
tal darknefs  at  the  earth.  And  thofe  that  live  where 
the  axis  of  the  cone  cuts  the  earth,  will  fee  a  bright 
ring  furrounding  the  moon.  This  is  called  an  annular 
eclipfe. 

For  nothing  but  the  penumbra  falls  then  on  the 
earth  ;  and  the  bright  ring  that  appears,  is  the  edge 
of  the  fun  appearing  all  round ;  the  moon  being 
then  (apparently)  lefs  than  the  fun. 

Cor. 
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Fig.      Cor.  12.  No  eclipfe   of    the  fun  happens    to  all 
o.  places  where  the  fun  is  vifible;  but  only  to  fome  par- 
ticular places  on  the  earth. 

Scholium. 
Sometimes  in  an  eciipfe  of  the  fun,  the  moon 
appears  to  have  a  dufky  red  light ;  which  is  owing 
to  the  refraction  of  the  rays  of  light  paffing  thro' 
the  earth's  atmofphere,  efpecially  the  red  rays  j  and 
fo  falling  upon  the  body  of  the  moon. 

P  R  O  B.     VI. 

To  explain  the  flations  and  retrogradations  of  the 
planet  s,  and  their  phafes. 

If  an  obferver  was  fituated  in  the  fun,  he  would 
fee  all  the  planets  move  regularly  the  fame  way 
about  him  from  weft  to  eaft,  fome  fafter  and  fame 
flower,  according  to  their  refpective  diftances  or 
rather  nearnefs.  But  to  an  obferver  upon  the  earth 
the  motion  of  the  planets  will  be  very  irregular ; 
becaufe  the  earth  being  one  of  them,  is  in  motion 
itfelf.  Sometimes  they  feem  to  move  direclly  from 
well  to  eaft,  according  to  their  true  motions.  At 
other  times  they  feem  to  lofe  all  their  motion,  and 
to  be  ftationary.  And  fometimes  they  feem  to  go 
contrary  to  their  real  motions,  from  eaft  to  weft, 
and  fo  move  backwards  or  become  retrograde.  Thefe 
motions  have  no  relation  to  the  diurnal  motion  of 
the  celeftial  bodies;  they  are  only  confidered  as 
moving  among  the  fixed  ftars •,  fo  that  when  a  pla- 
net moves  from  the  weftermoft  ftars  towards  others 
that  lie  eafterly,  it  is  faid  to  be  direcl ;  when  it  al- 
ters not  its  pofition  among  them,  it  is  ftationary. 
And  when  it  leaves  the  eaftermoft,  and  moves  to- 
wards the  weftermoft  ftars,  it  is  retrograde. 
I0.  Since  Venus  and  Mercury  (which  are  called  in- 
ferior Planets,  becaufe  they  are  nearer  the  fun  than 

v/e 
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we  are,)  move  fwifter  about  the  fun  than  the  earth  Fig. 
does,  and  perform  their  revolutions  in  lefs  time.  10. 
Therefore  only  a  part  of  the  earth's  orbit  will  be 
defcribed,    whilft  an  inferior  planet   defcribes  its 
whole  orbit;  and  therefore  it  will  be  frequently 
overtaking  the  earth  in  its  motion. 

Let  an  inferior  planet  be  at  E  and  the  earth  at 
T,  in  the  oppofite  point,  moving  in  their  orbits, 
round  the  fun  at  S.     Then  whilft  the  planet  moves 
from  E  towards  F,  if  the  earth  flood  ilill  at  T, 
it  would  fee  the  planet  move  eaftward  or  direct ; 
and  much  more  fo,  if  itfelf   moves   towards  V. 
"When  the  planet  comes  to  G,  and  moves  from  G 
towards  H,  it  will  appear  to  move  as  quick  as  the 
fun,  becaufe  its  motion  tends  towards  the  earth  at 
V  ;  and  therefore  its  apparent  motion  is  flower  than 
before.     From  H  to  A,  (by  reafon  of  its  fwifter 
motion  than  the  earth)  it  will  tend  to  a  point  be- 
yond V  as  at  W  •,  and  when  the  lines  HV  and  AW 
are  parallel  (which  they  are  tending  to),  the  pla- 
net will  feem  ftationary.     Afterwards  the  planet 
moving  falter  thro'  AB,  than  the  earth  moves  thro* 
WX,  the  planet  will  feem  to  move  weftward  or  be 
retrograde,  and  will  continue  fo  till  coming  to  O, 
a  little  before  it  feems  to  move  in  a  direct  line  from 
the  earth  at  Y ;  and  about  O  and  D  their  places 
will  be  found  again  in  two  parallel  lines,  that  is, 
OY,  DZ  will  be  parallel  •,  and  then  it  appears  fta- 
tionary again  to  the  earth  at  the  place  YZ.     Then 
the  planet  by  its  fwifter  motion  thro'  DE,  will  be- 
gin to  turn  about  from  its  parallelifm  towards  the 
eaft,  that  is,  it  will  be  direct  again.     Beyond  F  it 
will  increafe  its  direct  motion  more  and  more,  till 
it  come  again  to  the  earth's  oppofition.     And  from 
thence  every  thing  will  follow  as  before.     And  this 
will  be  the  phcenomenon  of  Venus  and  Mercury. 
And   as   Mercury   moves    fwifter  than  Venus,    it 
fooner  overtakes  the  earth,  and  therefore  the  fta- 

tions 
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Fig.  tions  and  retrogradations  will  be  more  frequent  in 

10.  Mercury  than  in  Venus. 

ii.       Again  let  ABC  be  the  orbit  of  the  earth,  abcg 
the  orbit  of  a  fuperior  planet.     'Tis  plain,  that 
from  the  fwifter  motion  of  the  earth,  and  the  (lower 
motion  of  the  planet,  that  the  planet  will  fome- 
times  be  in  conjunction  with  the  fun,  and  fomerimes 
in  oppofition  to  him.     Let  the  earth  be  at  A,  and 
the  planet  at  a  in  conjunction  with  the  fun,  in  the 
oppofite  point  of  its  orbit.     And  while  they  both 
move  in  their  refpective  orbits,  let  their  contempo- 
rary pofitions  be  Aay  B£,  Cf,  Dd,  &c.     Now  'tis 
evident,  if  the  earth  flood  Hill  at  A,  the  planet 
would  feem  to  move  eaftward  from  a  to  £,  &c  ;  and 
much  more  will  it  appear  to  do  that,  when  the  earth 
moves  the  fame  way  about  the  center  from  A  to  B, 
&c.  and  this  caules  the  planet  to  move  fafter  than 
ordinary  in  appearance.     In  the  pofitions  B£,  the 
motion  of  the  earth  at  B    is  more  oblique,  and 
therefore   the  planet  feems  to  flacken  its  motion. 
Between   B  and  C,  about  G,  the  earth  feems  to 
move  directly  towards  the  planet,  advancing  to  c  ; 
and  therefore  it  feems  here  to  move  no  fafter  than 
the  fun  does.     About  Q-,  the  line  connecting  the 
earth  and  planet  will  continue  for  fome  fmall  time 
parallel  to  itfelf,  as  pointing  always  to  the  fame 
ftar,  and  then  the  planet  will  feem  ftationary.    Ad- 
vancing to  D  and  d,  the  planet  will  come  to  the 
oppofition  of  the  fun,  and  the  earth  moving  with  a 
fwifter  motion  will  feem  to  leave  the  planet  behind  ; 
that  is,  the  planet  will  now  begin  to  be  retrograde. 
Paft  D  and  d,  the  retrograde  motion  will  decreafe, 
by  reafon  of  the  earth's  motion  being  more  oblique 
to   that  at  d  •,  and  fome  where  paft  D  and  d,  the 
line  connecting  the  earth  and  planet,  will  conti- 
nue  for  fome  time  parallel  to  itfelf;  that  is,  the 
planet  will  again  be  ftationary.     Approaching  to- 
wards E  and  e-}  the  earth  feems  to  move  directly  from 

the 
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the  planet,  and  then  the  planet  feems  to  have  the  Fig. 
fame  motion  eaftward  as  the  fun  has.  Between  En. 
and  F  the  earth  begins  to  get  to  the  oppofite  fide, 
from  the  planet ;  which  accelerates  the  planet's  mo- 
tion eaftward.  At  F/  they  are  approaching  to  the 
opposition  •,  and  fomewhere  between  FG  and  fg, 
they  are  again  in  the  oppofition,  or  the  planet  is 
in  conjunction  with  the  fun,  as  at  firft ;  where  the 
apparent  motion  is  greateft.  And  thus  the  fame 
phcenomena  will  be  repeated  over  again.  Thefe 
will  be  the  phcenomena  of  the  fuperior  planets, 
Mars,  Jupiter  and  Saturn ;  with  this  difference, 
that  the  ftations  and  retrogradations  will  be  more 
frequent  in  Saturn  than  in  Jupiter  ;  and  more  fre- 
quent in  Jupiter  than  in  Mars.  Becaufe  the  earth 
oftener  overtakes  Saturn  than  Jupiter,  and  Jupiter 
oftener  than  Mars ;  and  pafles  between  them  and 
the  fun. 

Since  the  inferior  planets  move  round  the  fun  at  10. 
a  lefs  diftance  than  the  earth,  therefore  their  orbits 
are  included  within  the  earth's  orbit.     And  fince 
their  planes  almoft  coincide  within  the  ecliptic  or 
plane  of  the  earth's  orbit  •,  therefore  thefe  planets 
will  feem  to  a  fpectator  on  the  earth,  fometimes  to 
go  to  the  eaft  of  the  fun,  and  fometimes  to  the 
weft  of  him ;  and  fo  to  move  back  and  forward 
with   a   vibrating  motion  almoft  in  a  right  line. 
Thus  if  the  earth  be.  at  Z,  the  planet  revolving 
in  the  orbit  EGA,  will  feem  to  move  in  the  lines 
DS,  SB,  and  then  back  again  in  the  line  BS,  SD, 
making  equal  vibrations  from  the  fun  S,  each  way. 
And  the  angle  DZS  or  BZS,  that  is,  the  apparent 
femidiameter  of  the  orbit  at  Z,  is  called  the  Elon- 
gation.    In  Mercury  it  is  30  degrees,  and  in  Ve- 
nus 45  degrees.     The  fuperior  planets  being  fur- 
ther diftant  from  the  fun  than  the  earth,  their  orbits 
include  the  earth's  orbit.    And  therefore  they  feem 
to  move  about  the  earth-,  fometimes  coming  nearer 

to 
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Fig.  to  it,  and  appearing  bigger •,  at  other  times  being 
ii.  further  off,  and  appearing  leffer.  Thus  when 
Mars  is  in  oppofition  to  the  fun,  he  is  5  times 
nearer  than  in  his  conjunction,  and  appears  5  times 
greater  in  diameter. 
12.  The  inferior  planets  being  opake  fpherical  bo* 
dies,  enlightened  by  the  fun,  will  have  the  fame 
phafes  in  regard  to  their  enlightened  parts  as  the 
moon  has.  But  they  cannot  be  perceived  without 
a  telefcope.  Thus  if  E  be  the  earth ;  A,  B,  C, 
D  feveral  places  of  an  inferior  planet  in  its  orbit, 
enlightened  by  the  fun  S  in  the  center  of  its  orbit. 
'Tis  evident,  that  half  of  the  planet  which  is  turn- 
ed towards  the  fun  is  enlightened,  whilft  the  oppo- 
fite  fide  is  in  the  dark.  And  fince  only  that  fide 
which  is  turned  towards  the  earth  can  be  feen  by 
an  obferver ;  therefore  more  or  lefs  of  the  illumi- 
nated fide  of  the  planet  will  be  feen,  according  as 
the  light  fide  is  more  or  lefs  turned  towards  him. 
Thus  the  planet  at  A,  has  its  dark  fide  turned  to- 
wards him,  being  upon  the  earth  at  E  •,  and  there- 
fore it  cannot  be  feen.  Moving  toward  B  part  of 
the  illuminated  fide  will  be  towards  him  •,  and  the 
planet  will  appear  horned  like  the  old  moon.  At 
B,  half  of  it,  will  be  towards  him,  and  it  will  ap- 
pear like  a  half  moon.  Between  B  and  C,  it  will 
appear  gibbous ;  and  at  C  the  whole  illuminated 
face  is  turned  towards  him  ;  and  it  would  appear 
like  the  full  moon.  Between  C  and  D,  it  would 
appear  gibbous  again.  At  D,  like  the  half  moon, 
between  D  and  A  horned,  like  the  new  moon ;  and 
at  A  invifible.  If  the  planet,  when  at  A,  happens 
to  be  in  the  plane  of  the  earth's  orbit,  or  in  a  node, 
it  will  appear  like  a  fpot  in  the  fun's  face. 

As  to  the  fuperior  planets,  fince  they  move 
about  the  earth  ;  their  illuminated  hemifphere  will 
always  be  turned  towards  the  earth  •,  except  in 
Mars,  who  by  reafon  of  his  nearnefs,  has  part  of 

his 
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his  illuminated  hemifphere  turned  from  us,  in  his  Fig* 
quadratures  with  the  funj  and  then  he  appears  12. 
gibbous. 

Cor.  i.  The  inferior  planets  are  always  dire 51  wheft 
furtheji  from  the  earth,  and  appear  then  leaf ;  and 
they  are  always  retrograde  when  near  eft  the  earth,  and 
appear  then  biggefi, 

Cor.  2.  The  fhorter  the  periodic  time  of  an  inferior 
planet  is,  the  more  frequent  are  its  fiations  and  retro- 
gradations  ;  but  the  fhorter  time  they  continue,  and  are 
ajfo  lefs  in  quantity. 

Cor.  3.  The  fupeHor  planets  are  always  direcl, 
when  in  conjunclion  with  the  fun ;  and  retrograde 
when  in  oppofition  to  him. 

Cor.  4.  The  longer  the  periodic  time  of  a  fuperior 
planet  is,  the  more  frequent  are  its  fiations  and  re* 
trogradations  ;  but  they  are  lefs,  and  continue  a  Ion- 
ger  time* 

Cor.  5.  The  inferior  planets  never  go  further  from 
the  fun,  than  the  apparent  femidiameters  of  their  or- 
bits feen  from  the  earth  ;  which  in  Mercury  is  30  de- 
grees, in  Venus  45. 

Cor.  6.  When  an  inferior  planet  is  direct,  it  ap-< 
pears  full  or  gibbous  -,  when  it  is  retrograde,  it  is~^ 
homed,  or  elfe  difappears  -,  and  when  ftationary,  'tis 
nearly  bifecled. 

For  the  former  happens  at  its  greateft  dittance* 
and  the  latter  at  its  lead,  from  the  earth ;  in  the 
middle  time  it  is  ftationary. 

Cor.  7.  In  all  the  planets  the  direcl  motion  is  fwift* 
efi,  when  the  fun  is  between  the  planet  and  the  earth  j 
and  the  retrograde  motion  is  fwiftefi,  when  they  are 
koth  on  one  fide  the  fun,  in  a  right  line. 
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Fig.  For  the  former  motion  is  compounded  of  the 
motion  of  the  planet,  and  that  of  the  earth";  and 
the  latter  is  the  difference  thereof. 

■P  ROB.    VII. 

'    *fo  defcriU  the  order  and  magnitude  of  the  fixed  Jlars. 

If  one  looks  up  in  a  clear  night,  he  will  fee  the 
"hemifphere  all  over  adorned  with  a  multitude  of 
ftars,  feemingly  innumerable,  which  -appear  of  dif- 
ferent degrees  of  bignefs  and  brightnefs.  Some  have 
fuppofed  that  they  are  all  placed  at  the  fame  dif- 
tance  from  us,  in  a  concave  fpherical  iurface,  and 
that  their  appearing  of  different  degrees  of  bright- 
nefs is,  becaufe  they  are  in  themfelves  of  different 
magnitudes,  the  greateft  appearing  the  brighteft, 
and  the  leaft  appearing  faint  and  dull,  by  reafon 
of  their  fmallnefs.     But  others  with  more  reafon, 
fuppofe  them  to  be  at  different  diftances,  and  then 
thofe  that  are  neareft  will  give  the  brightefl  light, 
while  thofe  that  are  far  off  will  but  mine  very 
faintly.     And  fome  may  be  fo  far  diflant  as  not 
be  vifible.     And  indeed  the  ufe  of  the  telefcope 
difcovers  to  us  innumerable  ftars  which  cannot  be 
feen  at  all  with  the  naked  eye  ;  among  which  fome 
are  brighter,  and  fome  fo  dim  as  hardly  to  be  per- 
ceived with  the  telefcope.     Befides  the  greater  the 
magnifying  power  of  the  telefcope  is,  the  more 
ftars  are  vifible  thro'  it.     Whence  it  is  very  proba- 
ble, that  there  is  an  innumerable  multitude  of  ftars 
placed  at  certain  diftances  thro'  all  fpace ;  at  leaft, 
further  than  we  can  make  any  obfervations.     And 
yet  thcfe  ftars  may  not  be  precifely  all  of  the  fame 
bignefs,  but  may  admit  of  fome  variety  in  their 
magnitudes. 

But  however  this  may  be,  Aftronomers  divide 
them  into  certain  magnitudes  according  to  their  ap- 
parent 
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jfarent  bignefs  or  brightnefs.  The  brighteft,  they  Fig* 
call  ftars  of  the  firfi  magnitude  •,  the  next  are  ftars 
of  the  fecund  magnitude ;  and  fo  on  to  thzjixth  mag- 
nitude,  which  is  the  laft.  And  all  ftars  that  can 
only  be  feen  thro'  a  telefcope,  they  call  telefcopic 
fiars,  or  ftars  of  the  feventh  magnitude.  But  we 
are  not  to  fuppofe  that  all  the  ftars  of  any  one  mag- 
nitude are  exactly  of  the  fame  bignefs,  there  being 
a  great  variety,  fome  bigger  and  fome  lefler  in 
every  fort.  And  for  that  reafon,  there  are  fome 
ftars  that  are  put  into  different  claffes,  by  different 
people. 

The  diftance  of  the  fixed  ftars  is  fo  immenfely 
great,  that  no  method  could  ever  be  ufed  to  find 
the  diftance  of  the  neareft  of  them.  For  altho*  in 
half  a  year's  time  we  are  tranflated  from  one  fide 
to  the  other  of  the  earth's  orbit ;  yet  this  does  not 
make  the  leaft  difference  in  the  appearance  of  the 
ftars  or  their  magnitudes,  or  diftances ;  no  not 
with  any  inftruments.  So  that  if  we  were  placed 
in  any  part  of  the  folar  fyftem,  even  in  Saturn,  we 
fhould  fee  the  fame  face  of  the  heavens,  the  fame 
ftars,  and  in  the  fame  places. 

That  the  ftars  mine  with  their  own  innate  light 
is  evident,  from  this,  that  it  is  impoflible  the  light 
of  the  fun  mould  reach  them  at  that  diftance,  and 
be  reflected  back  to  us,  fo  as  to  become  vifible. 
And  there  can  be  no  other  light  but  the  fun  to  do 
it ;  for  if  there  was,  it  muft  be  vifible.  And 
therefore  it  is  extremely  probable  that  the  fixed 
ftars,  are  fo  many  funs,  placed  in  different  parts  of 
fpace,  for  the  fame  ufe  or  a  like  office,  that  ours 
is  placed  here. 

The  largeft  catalogue  of  the  ftars  that  we  have, 
is  that  of  Mr.  Flamfteed's,  which  contains  3000  ftars, 
13  of  which  are  of  the  firft  magnitude  -,  but  then 
many  of  them  are  telefcopic  ftars.  And  by  this 
catalogue,  the  place  of  the  leaft  ftar}<  .to  be  feen 
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Fig.  in  the  heavens,  is  better  afcertained  than  the  places 
of  moft  of  the  cities  or  towns  in  the  world.  And 
this  is  abfolutely  neceffary  •,  for  without  knowing 
the  exact  places  of  the  fixed  ftars,  the  orbits  of  the 
planets  could  never  have  been  found.  Upon  the 
knowledge  of  this,  ?.\\  aftronomy  is  founded. 

That  all  the  vifible  ftars  in  the  firmament  do  not 
exceed  that  number,  may  feem  ftrange ;  but  it  may 
be  demonstrated  thus.  Take  a  tube  whofe  length 
to  the  width  is  as  ioo  to  97,  cover  one  end  with 
a  thin  plate  having  only  a  fmall  hole  to  look  thro*. 
And  then  in  any  ftar-light  night,  if  you  look  thro* 
it  at  any  part  of  the  heavens,  and  keep  it  fleady  ; 
you'll  fcarce  be  able  to  reckon  100  ftars.  To  fa- 
cilitate the  counting  of  them,  you  may  fix  three  or 
four  threads  acrofs  the  mouth  of  the  tube  to  divide 
it  into  fmaller  fpaces.  Now  this  tube  takes  in  a 
profpect  of  a  tenth  part  of  the  hemifphere,  as  may 
eafily  be  demonftrated  by  geometry. 

It  is  the  peculiar  property  of  the  fixed  ftars,  that 
they  never  change  their  places,  but  keep  always  the 
fame  poiition  and  diftances  from  one  another  with- 
out any  variation  •,  and  have  done  the  fame  from 
the  earlieft  ages  of  antiquity,  wherein  any  aftrono- 
mical  obfervations  have  been  made.  By  this  they 
become  the  ftandard  and  rule  for  all  motions  that 
are  made  in  the  heavens,  and  of  the  Situation  of 
all  bodies  that  come  there.  There  are  indeed  fome 
ftars  that  difappear  for  fome  time,  and  after  fome 
time  make  their  appearance  again  •,  and  others  that 
never  appear  again  ;  which  is  fuppofed  to  be  owing 
to  certain  dark  fpots  upon  their  furfaces,  which  co- 
ver either  the  whole  or  a  part  of  their  bodies  •,  and 
in  their  rotation  they  fometimes  turn  their  dark  fide 
to  us.  But  none  of  them  was  ever  known  to  change 
their  places. 

Likewife  there  have  fometimes  appeared  new 
ftars,  in  the  heavens,  or  fome  that  never  were  ob- 
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ferved  before ;  and  after  flaying  a  while,  have  di£  Fig, 
appeared,  and  been  no  more  feen.  It  is  probable? 
that  their  appearing  and  difappearing  is  owing  to^ 
the  forementioned  caufe,  viz.  a  dark  fide  and  a 
bright  one,  which  they  fucceffively  turn  towards 
us  by  a  flow  rotation  round  their  axes.  And  that 
fuch  as  never  appear  again  have  their  whole  bodies 
covered  and  overwhelmed  with  dark  clouds  and 
ipots,  impenetrable  to  the  rays  of  light. 

It  is  remarkable  that  thro*  the  beft  telefcopes, 
a  fixed  ftar  only  appears  like  a  lucid  point  without 
any  fenfible  magnitude.  This  mews  at  what  an 
amazing  diftance  the  neareft  fixed  ftars  are  placed, 
iince  they  cannot  be  magnified  by  the  bell  telef- 
copes. Their  fparkling  is  likewife  a  proof  of  their 
fmallnefs  ;  for  a  pencil  of  rays  coming  from  a  ftar 
is  fo  very  fmall,  that  any  fmall  particle  of  the  at- 
mofphere  will  flop  it,  or  turn  it  out  of  the  way ; 
which  is  the  caufe  of  fparkling. 

There  is  a  fort  of  ftars,  called  nebulous  ftars ,  from 
their  appearing  like  a  bright  cloud.  When  thele 
are  looked  at  thro*  a  telefcope,  they  are  found  to  be 
a  clufter  of  very  fmall  ftars,  not  to  be  diftinguifh- 
ed  fingly,  by  the  naked  eye.  And  indeed  to  what- 
ever part  of  the  heavens  the  telefcope  is  directed, 
numbers  of  fmall  ftars  will  appear,  which  are  in- 
vifible  to  the  naked  eye. 

As  it  is  impoffible  to  diftinguifh  or  know  all  the 
ftars  by  particular  names ;  therefore,  for  the  more 
eafy  defcribing  or  pointing  out  any  one  ftar,  aftro- 
nomers  have  divided  all  the  ftarry  heavens  into  cer^ 
tain  figures,  which  they  imagine  any  collection  of 
the  ftars  to  represent ;  each  figure  confiding  of  a 
great  number  of  ftars.  And  thefe  figures  or  images^ 
they  call  the  Conjlellaticms, 
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To  defcribe  the  number  of  conjlellations  in  the  hea- 
vens. 

For  the  more  eafy  finding  any  ftar,  or  its  place 
in  the  heavens  j  aftronomers  have  divided  the  whole 
furface  of  the  celeftial  fphere  into  parcels,  which 
they  call  Conjlellations.  A  Conjldlation  is  a  collec- 
tion of  ilars,  bounded  by  fome  figure  in  the  Jhape 
of  iome  animal  or  fuch  other  thing,  as  they  fup- 
pofe  the  flars  contained  in  it  to  reprefent.  By 
help  of  this  artifice  they  can  find  any  particular 
ftar,  or  direct  one  to  it,  by  naming  the  conftella- 
tion,  and  the  part  of  it,  in  which  it  is  to  be  found. 
Theie  conflellations  are  painted  on  the  celeftial 
globe  •,  and  in  each  conftellation  the  principal  flars 
are  marked  feverally  with  the  letters  of  the  Greek 
alphabet  \  by  which  means,  it  is  eafy  to  find  any  one 
{tar  by  that  letter,  which  is  a  name  for  it,  or  has  the 
office  of  one. 

The  celeftial  fphere  is  likewife  divided  into  three 
regions.  The  middle  part  is  the  Zodiac,  which  is 
a  zone  of  16  degrees  breadth,  running  round  the 
globe,  parallel  to  the  ecliptic,  being  8  degrees 
broad  on  each  fide  of  it.  This  confifts  of  1 2  con- 
flellations. The  northern  part  reaches  from  the 
zodiac  to  the  north  pole  of  the  ecliptic,  and  contains 
28  conflellations.  The  fouthern  part  reaches  from 
the  zodiac  to  the  fouthern  pole,  containing  37 
conflellations.  I  fhall  fet  down  the  names  of  all 
thefe  conflellations,  and  the  number  of  principal 
ftars  that  each  contains. 
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The  12  conftellations  in  the  zodiac,  and  their 
characters,  are  thefe, 


3% 
Fig* 


Aries  nr», 
Taurus  « , 
Gemini  n, 
Cancer  25, 
Leo  a, 
Virgo  W* 


20  ftars. 
53 
33 
3i 

45 
5° 


Libra  &, 
Scorpio  nt» 
Sagitary  £, 
Capricorn  Vfy 
Aquarius  ^, 
Pifces  X, 


20  ftars* 

25 
22 

30 

49 

39 


The  ecliptic,  which  is  the  plane  of  the  earth's  or- 
bit, continued  to  the  fixed  ftars,  runs  thro*  the 
middle  of  thefe,  and  is  divided  into  1 2  equal  parts, 
called  the  12  figns,  whofe  names  are  thefe.  But  thefe 
divifions  do  not  now  fall  upon  the  divifions  of  the 
conftellations,  as  formerly.  For  by  the  preceffion 
of  the  equinoxes,  thefe  divifions  are  moved  almoft 
30  degrees  back,  whence  the  conftellations  feem  to 
have  moved  fo  far  forward. 

The  northern  part  of  the  fphere  formerly  con* 
fifted  of  2i  conftellations.  And  thofe  ftraggling 
ftars,  lying  between,  which  were  taken  into  none 
of  the  conftellations,  they  called  unformed  Stars-. 
But  later  aftronomers,  have  made  new  conftellations 
of  them,  to  the  number  of  7.  Whence  the  whole 
number  of  conftellations  in  the  northern  hemif- 
phere  are  28. 


1  Urfa  minor 

2  Urfa  major 

3  Draco 

4  Cepheus 

5  Camelopardalus 

6  Jordanus 

7  Bootes 

8  Corona  borealis. 
a,  Hercules 


Stars. 

19  10  Lyra 

39  1 1  Tygris 

37  12  Cygnus 

34  13  Sceptrum 

28.  14  Caffiopeia 

31  15  Perfeus 

3  &  16  Auriga 

9  17  Serpentarius 

34  18  Serpens 
D  4 


Stars., 

n 

38 
29, 

1.7 

so- 
40 

27 

31 
18 

19  Sagitta 


4-o 
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Fig. 

J9 

20 
21 

Sagitta 
Aquila 
Antinous 

Stars. 
8 
24 
12 

24  Pegafus 

25  Andromeda 

26  Triangulum 

Stars. 

25 

34 

5 

22 
23 

Dclphinus 
Equiculus 

II 

4 

27  Irinus 

28  Coma  Berenices 

7 
*3 

Among  thefe  conftellations,  there  are  feveral  near 
the  pole,  that  never  fet,  but  continue  always  above 
the  horizon  here  in  latitude  52. 

Again,  the  fouthern  part  of  the  fphere  contains 

15  cqnfleilaticns  which  the  ancients  remarked;  and 

16  nev*?  ones  that  lie  under  the  horizon  to  us,  and 
are  never  feen  •,  being  about  the  fouth  pole.  Thefe 
have  been  diicovered  by  later  aftronomers  ;  with  fe- 
veral unformed  ftars,  reduced  lately  into  conftella^ 
tions.     All  which  are.  thefe. 


' 

Stars. 

1  Cetus 

28 

2  Orion 

60 

3  Eridanus 

36 

4  Lepus 

*3 

5  Canis  major 

19 

6  Columba 

11 

j  Canicula 

ji 

8  Monoceros 

23 

9  Navis 

46 

10  Hydra 

29 

ji  Crater 

11 

12  Corvus 

9 

13  Crux 

4 

14  Centaurus 

35 

15  Lupus 

21 

16  Ara 

7 

1 7  Corona  auflralis 

J3 

1 8  Pifcis  auitralis 

17 

?9  Grus 

J3 

Stars. 

*3 
12 

H 
11 

4 
io 


20  Phoenix 
2i  Indus 

22  Pavo 

23  Apus 

24  Mufca 

25  Cameleon 
2  6  Triangulum  auftrale  5 

27  Pifcis  volans 

28  Dorado 

29  Nubes 

30  Toucan 

31  Hydrus 

32  Nubicula 
2S  Rhomboides 

34  Royal  oak 

35  Lynx 

36  Vertagus 

37  Unicorn. 


7 

4 

3 

8 

10 

3 

4 
10 

19 
23 

*9 


And 
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And  fome  more  of  leffer  moment  are  mentioned  by  Fig. 
fome  authors. 

All  the  planets  move  in  the  Zodiac,  and  all 
their  motions  are  contained  within  the  bounds  of 
it. 

The  milky  way  is  a  white  broad  circle  going 
round  the  whole  heavens ;  in  fome  places  it  is  dou- 
ble. When  this  is  looked  at  with  a  telefcope,  it 
appears  to  be  full  of  innumerable  fixed  liars,  which 
are  invifible  to  the  naked  eye  •,  and  by  the  united 
force  of  their  light,  they  illuminate  that  part  of 
the  heavens.  Thefe  we  call  Nebulous  Stars,  are  of 
this  kind.  There  are  fome  of  thefe  towards  the 
Antarctic  Pole. 

There  are  alfo  in  the  heavens,  feveral  whitifh 
fpots,  which  viewed  thro'  a  telefcope,  appear  very 
bright ;  but  no  ftars  appear  in  them.  So  that  if 
there  be  any  in  them,  they  muft  be  fo  fmall  as  not 
to  be  fuhiciently  magnified  by  a  telefcope,  to  be- 
come viiible. 

Some  of  the  largeft  ftars  have  particular  names, 
as  Syrius,  ArElurus,  Pole  Star,  Aldebaran,  Capella> 
&c. 

PROS,      IX. 

fto  give  ajuji  reprefentation  of  the  folarfyftem, 

Suppofe  yourfelf  placed  on  a  wide  moor  or  large 
extended  plane,  and  in  the  middle  of  it  let  there 
be  erected  a  globe  5  ~  feet  diameter,  which  fuppofe 
to  be  the  Sun,  q. 

At  80  yards  diftance  from  the  fun  erect  a  globe 
^  inch  diameter  to  reprefent  Mercury,   £  . 

At  140  yards  from  the  fun  fet  up  a  globe  near 
J:  inch  diameter  for  Venus,   ?  . 

At  200  yards  from  the  fun  fet  up  a  globe  \  inch 
diameter  for  the  Earth,  @. 

At 
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Fig.  At  300  yards  from  the  fun  place  a  globe  -§-  inch, 
13.  diameter  for  Mars,  $  . 

At  1040  yards  (or  fomething  more  than  half  a 
mile)  place  a  globe  near  6  -  inches  diameter  for  Ju- 
piter %, 

At  1  4-x  mile  fr°m  the  fun  fet  up  a  globe  5  inches 
diameter  for  Saturn,  1? . 

Again,  at  near  2  feet  diftance  from  the  earth  fet 
tip  a  globe  4-  inch  diameter  for  the  moon,  D  . 

And  at  the  refpective  diftances*  1  i,  2,  3  -i,  6 
feet  from  Jupiter,  fet  up  4  little  globes  like  the 
moon  for  the  Satellites  of  Jupiter. 

And  at  the  diftances  2,  24,  3^,  8,  25  feet  from 
Saturn  refpectively,  fet  up  5  other  little  globes  like 
the  moon,  for  the  Satellites  of  Saturn. 

And  thus  you  have  very  nearly  the  true  propor- 
tion of  all  thefe  great  bodies  to  one  another,  and 
to  their  refpective  diftances  from  each  other,  as 
they  are  in  the  heavens :  which  therefore  is  a  true 
reprefentation  of  the  folar  fyftem.  Where  note  an 
inch  reprefents  10,400  miles,  and  a  yard  370,000 
miles,  in  round  numbers. 

Now  fuppofe  feveral  large  circles  to  be  drawn 
thro'  the  places  of  the  bodies  \ ,  V-,  <?»©3  ?» 
and  $  ,  whole  common  center  is  the  o.  And 
imagine  thefe  bodies  to  be  carried  about  the  fun 
in  thefe  circles,  by  feveral  men.  And  let  each  of 
thefe  men  move  in  his  proper  circle,  with  his  left 
hand  towards  the  fun,  and  with  fuch  a  motion,  as 
to  walk  fo  many  miles  in  a  minute,  viz.  g  25> 
924,021,  *  16 4-,  %g,  T?6±.  By  this  means 
the  earth  will  move  round  the  fun  in  an  hour, 
which  here  reprefents  a  year-,  and  the  others  in 
proportional  times,  according  to  their  feveral  pe- 
riods. 

Whilft  the  earth  moves  in  his  circle  round  the 
fun,  caufe  the  moon  to)  move  the  fame  way,  and 

nearly 
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nearly  in  the  fame  plane,  about  the  earth,  for  its  Fig. 
center;  in  a  circle  2  foot  diftance  from  it;  per-  13. 
forming  a  fynodic  revolution  in  near  5  minutes. 

Alfo  whilft  the  earth  moves  in  his  orbit,  caufe  it 
to  revolve  about  its  axis  the  fame  way  as  it  moves 
about  the  fun  ;  fo  as  to  make  one  rotation  in  near 
10  feconds,  whilft  its  axis  always  remains  parallel 
to  itfelf,  and  elevated  23  4r  degrees. 

But  we  are  not  to  fuppofe,  that  thefe  bodies  in 
the  heavens  are  carried  in  this  manner  about  the 
fun  in  their  proper  orbits,  by  fome  intelligent  be- 
ings that  are  always  to  attend  them,  as  thefe  bo- 
dies here  defcribed  are  carried  by  men.  For  there 
are  two  or  three  laws  of  nature  which  perform  all 
this.  Likewife  we  here  fuppofe  all  thefe  bodies  to 
move  in  one  plane ;  but  in  the  heavens  each  of  them 
moves  in  a  feparate  one,  but  then  they  are  very 
little  inclined  to  one  another,  and  may  therefore 
be  looked  upon  to  be  nearly  in  the  fame  plane. 
Likewife  their  feveral  orbits  are  here  fuppofed  to 
be  circles  •,  but  in  the  heavens,  they  are  elliples 
very  near  to  circles,  and  therefore  may  be  fuppofed 
fuch :  this  reprefentation  being  defigned  only  to 
give  a  general  idea  of  the  planetary  fyftem. 

Laftly,  at  the  diftance  of  about  300  miles,  if 
you  fuppofe  fome  more  globes  fet  up,  like  the  fun  j 
thefe  will  reprefent  fome  of  the  neareft  fixed  ftars. 
For  fince  the  fixed  ftars  have  no  fenfible  parallax, 
from  the  annual  motion  of  the  earth ;  the  diftance 
of  the  neareft  fixed  ftars,  muft  be  2  or  3  thoufand 
times  more  than  the  diftance  of  the  fun.  And 
therefore  cannot  be  lefs  than  300  miles. 

Scholium. 

All  thefe  feveral  diftances  being  laid  out  in  their 
true  proportions,  will  give  a  more  juft  idea  of  the 
folar  fyftem,  than  any  orrery  or  mechanical  machine 

whatfo* 
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Fig.  whatfoever  -,  tho'  thefe  forts  of  machines  are  con- 
13.  trived  very  well  for  fhewing  their  refpective  mo- 
tions ;  but  by  the  fmall  compafs  they  are  contained 
in,  can  give  no  idea  of  their  diftances.  And  what 
a  grand  idea  mull  this  give  us,  of  the  immenfity 
of  the  univerfe  ;  and  of  the  regular  difpofition  of 
all  the  celeftial  bodies  -,  and  the  wonderful  harmo- 
ny rhey  obferve  in  their  motions  ?  And  nothing  can 
be  more  fublime  than  the  {peculations  and  difecve- 
ries  which  aftronomy  affords  us,  in  contemplating 
the  fyftem  of  the  world,  and  the  beauty  and  ana- 
logy of  all  its  parts. 


SECT. 
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SEC  T.     IL 

Agronomical  Problems,  depending  on  the 
Circles  of  the  Sphere  ;  folved  by  Cal- 
culation. 


ALTHOUGH  the  celeftial  bodies  are  plac- pjo- 
ed  at  different  diflances  from  the  earth ;  fome 
being  vaftly  remote,  while  others  are  nearer  hand. 
Yet  an  obferver,  living  upon  the  earth,  is  not  fen- 
fible  of  thefe  different  diflances  •,  and  therefore  he 
imagines  all  remote  objects  in  the  heavens  to  be 
placed  in  one  concave  furface,  whereof  the  earth 
whereon  he  lives,  is  the  center.  Thus  the  fun, 
moon  and  liars,  feem  to  be  placed  in  one  and  the 
lame  concave  furface  of  the  heavens,  and  therefore 
appear  all  at  the  fame  diftance  from  the  earth.  Upon 
this  account  ailronomers,  for  the  eafe  of  calculation, 
have  fuppofed  all  the  celeftial  bodies  to  be  placed  in 
the  furface  of  this  fphere,  while  the  earth  is  fuppof- 
ed to  be  no  more  than  a  point  in  the  center  of  it. 

Likewife,  altho*  in  reality,  the  earth  turning 
about  its  axis  in  24  hours  is  the  caufe  of  day  and 
night ;  and  its  moving  thro'  the  ecliptic  or  its  own 
orbit  in  a  year  caufes  all  the  feafons  of  the  year : 
yet  becaufe  all  appearances  and  places  of  the  celef- 
tial bodies  will  be  exactly  the  fame,  whether  the 
earth  moves  and  the  heavens  Hand  flill ;  or  the 
earth  is  at  reft,  and  the  heavens  move ;  therefore 
it  is  the  fame  thing  in  effect  whether  of  them  we 
fuppofe  to  move.  Therefore  ailronomers  chufe  to 
fuppofe  the  earth  to  be  at  reft,  and  afcribe  all  thefe 
motions  to  the  celeftial  bodies,  and  fuppofe  them 
to  have  the  very  fame  motions  which  they  feem  to 
have  5  affigning  no  motion  to  the  earth,  as  it  feems 

to 


46  ASTRONOMICAL 

Fig.  to  have  noge.  By  this  means  all  thefe  relative  mo- 
tions are  eafier  apprehended,  as  people  are  accuf- 
tomed  to  think  this  way ;  and  the  calculations  of 
all  problems  of  the  fphere  become  more  fimple. 

DEFINITIONS. 
D  E  F.     I. 

14*  The  Equinottial  or  Equator  EQ^is  a  great  circle 
of  the  fphere,  which  is  90  degrees  diftant  from  the 
poles  of  the  world  P,  p ;  which  are  alfo  the  poles 
of  the  equinoctial.  P  the  north  pole,  p  the  fouth 
pole.  And  P/>  the  axis  of  the  world.  This  circle 
is  made  by  producing  the  earth's  equinoctial,  till 
it  cuts  the  ftarry  heaven,  and  its  axis  is  made  by  pro- 
ducing the  axis  of  the  earth  to  the  ftars  at  P  and  p. 

This  circle  divides  the  world  into  two  hemifpheres, 
the  northern  EPQ^  and  the  fouthern  EpQ.  It  is 
called  the  equinoctial,  becaufe  when  the  fun  is  in  it, 
the  days  and  nights  are  equal  all  over  the  world. 
And  this  happens  twice  in  the  year,  in  March  and 
September. 

This  circle  is  divided  into  360  degrees,  begin- 
ning at  the  firft  point  of  Aries,  where  it  interfects 
the  ecliptic,  and  reckoned  eaftward.  The  whole 
heavens  and  all  their  furniture  feem  to  turn  round 
the  earth,  parallel  to  this  circle,  from  eaft  to  weft, 
in  24  hours  time ;  fo  that  by  the  diurnal  motion,  a 
celefiial  body  defcribes  1 5  degrees  in  an  hour,  and 
15  minutes  of  a  degree  in  a  minute's  time  ;  or  a 
degree  in  4  minutes. 

And  hence  any  body  placed  in  the  equinoctial 
will  feem  to  defcribe  a  great  circle  in  the  heavens  ; 
and  thole  at  a  diftance  will  defcribe  leiler  circles, 
which  will  be  the  lefs,  the  nearer  they  are  to  the 
pole.  And  a  ftar  which  is  in  the  pole,  will  be  at  reft. 

This  circle  belongs  originally  to  the  earth,  and 
is  transferred  to  the  heavens  only  upon  account  of 

the 


Sea.  II.        PROBLEMS.  47 

the  diurnal  motion  of  the  heavens,  which  is  only  Fig. 
an  apparent  motion  in  them.  14. 

The  right  afcenfion  of  the  fun  or  a  ftar  is  count- 
ed upon  this  circle ;  and  alfo  the  longitude  of  places 
upon  the  earth. 
r  DEF,    II. 

The  Ecliptic  KL,  is  a  great  circle,  cutting  the 
equinoctial  EQ^  at  C,  in  an  angle  of  23  4  de- 
crees, or  rather  23  degrees,  29  minutes.  Thefe 
points  of  interfection  are  called  the  equinoctial 
points ;  that  is,  the  'vernal  equinox,  where  the  fun 
is  in  the  fpring ;  and  the  autumnal  equinox,  where 
he  is  in  autumn.  The  points  K,  L,  which  are  90 
degrees  from  the  equinoctial  points  C,  are  called 
the  Solfiitial  Points;  K  the  Summer  Solftice;  and  L 
the  Winter  Solftice.  The  ecliptic  is  divided  into  1 2 
equal  parts,  called  the  12  Signs9  and  each  fign  in- 
to 30  degrees. 

This  circle  runs  thro'  the  middle  of  the  Zodiac  ; 
and   in  the  fame  circle,  the  fun   feems  to  move 
round  the  earth  in  a  year.     For  fmce  the  earth  is 
carried  round  the  fun,  in  its  proper  orbit  in  the 
fpace  of  a  year ;  a  fpectator  in  the  fun  would  fee 
the  earth  defcribe  this  circle  in  the  heavens ;  and  a 
fpectator  in  the  earth  would  fee  the  fun  defcribe 
the  very  fame  circle,  by  its  apparent  motion.     All 
the  difference  is,   thefe  two  fpectators  would  fee 
the  earth  and  fun  in  oppofite  points  of  the  orbit  3 
or  in  conjunction  with  ftars,  which  are  diametri- 
cally oppofite  ;  but  the  apparent  motion  will  be 
the  fame  whether  ever  be  fuppofed  to  move.     The 
ecliptic  is  divided  by  the  equator  into  two  equal 
parts,  in  the  equinoctial  points  Aries  and  Libra. 
And  aftronomers  begin  to  reckon  from  the  begin- 
ning of  Aries  or  the  vernal  equinox,  going  eaft- 
ward.     The  fix  figns  which  lie  on  the  north  fide  of 
the  equinoctial,  are  called  northern  Signs,  which  be 
«r,   «,  n,  so,  a,  W  ;  and  thoie  fix  on  the  fouth 
fide  the  equinoctial,    are  called  fouthern   Signs; 

which 
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Fig.  which  are,  =e=,  trj,,  £,  vf,  xr,  x.  As  the  begird 
14.  ning  of  <r  and  ^,  are  the  equinoctial  points;  fo 
the  beginning  of  25  and  #>,  are  the  folflitial  points. 
Alfo  the  afcending  figns  are  i!f,  «,  X,r,  8,u; 
and  the  defcending ones,  25,  SI,  ^,=^,  *n,  t  •  When 
the  motion  in  the  ecliptic  is  made  according  to  the 
order  of  the  figns,  from  t  to  «,  and  from  a  to 
n ,  Sec.  the  fame  way  that  the  fun  feems  to  move, 
it  is  faid  to  be  forward  or  in  confequentia.  But  if 
the  motion  be  the  contrary  way,  from  «  to  <¥*, 
from  v  to  x ,  &c.  then  it  is  faid  to  be  backward 
or  in  antecedentia. 

When  two  planets,  &c.  are  referred  to  the  fame 
point  of  the  ecliptic,  they  are  faid  to  be  in  conjunc- 
tion (whofe  mark  is  6  ) ;  and  thofe  that  are  referred 
to  oppofite  points,  are  faid  to  be  in  oppofition  (the 
mark  is  §  ).  If  they  are  3  figns  diftant,  they  are 
in  a  quartile  afpect  (o).  If  4  figns  diftant,  a  trine 
afpect  (  a  ).  If  2  figns  off,  a  fextile  (  * ).  Each 
of  the  figns  is  divided  into  30  parts  or  degrees, 
and  each  degree  into  60  minutes,  &c.  like  all  cir- 
cles of  the  fphere.  The  fun  continues  about  a 
month  in  one  of  thefe  figns,  and  goes  through  al- 
moft  a  degree  thereof  every  day.  Tho'  the  fun  al- 
ways keeps  in  the  ecliptic  j  yet  the  planets  all  de- 
viate therefrom  more  or  lefs,  fometimes  being  on 
the  north  fide,  and  fometimes  on  the  fouth.  Yet 
they  are  all  contained  in  the  bounds  of  the  Zodiac. 
Since  the  ecliptic  cuts  the  equinoctial  in  an  angle  of 
230  2.9/.;  therefore  the  poles  of  the  ecliptic  arc  230 
29/  diftant  from  the  poles  of  the  world.  The  point 
of  the  ecliptic  which  riles  is  called  the  horofcope. 
The  higheft  point  of  it  is  called  the  nonagefimal 
degree ;  the  point  in  the  meridian  is  the  culminating 
•point,  or  medium  cceli.  The  oppofite  point,  the 
imum  cceli.  The  equinoctial  and  folftitial  points,  are 
called  the  four  cardinal  points  \  and  the  fourfeafons 
of  the  year  begin  with  them.     The  fpringwith  «v», 

fummer 
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fummer  with  25,  autumn  with  jc=,  and  winter  with  Fig. 
\$  ;  the  fun  being  in  them  at  thefe  times.  14. 

The  longitude  of  the  fun  or  a  ftar  is  counted 
upon  this  circle. 

D  E  F.     III. 

The  Horizon  HO,  is  a  great  circle,  dividing 
the  upper  from  the  lower  hemifphere.  This  circle 
divides  the  heavens  from  the  earth  ;  and  its  poles 
are  Z  the  zenith,  or  the  point  of  the  Iky  over  our 
heads ;  and  N  the  nadir ;  being  the  point  directly 
under  our  feet. 

The  Jenfible  horizon,  is  the  circle  round  us,  where 
the  fky  feems  to  touch  the  earth  ;  and  is  made  by 
a  plane  touching  the  earth  at  the  point  we  ftand 
on.  The  rational  horizon,  is  that  made  by  a  plane 
parallel  to  the  former,  and  palling  thro'  the  cen- 
ter of  the  earth.  But  both  thefe  become  the  fame 
when  extended  to  the  fphere  of  the  fixed  ftars. 

The  horizon  fhews  the  rifing  and  fetting  of  the 
heavenly  bodies ;  and  divides  the  day  from  the 
night.  For  when  the  fun  or  a  ftar  is  in  the  ho- 
rizon, it  is  faid  to  be  rifing  if  it  comes  above  it ; 
or  to  be  fetting,  if  it  goes  below  it.  And  the  time 
the  fun  continues  above  the  horizon,  is  called  Day. 
And  the  time  it  is  under  the  horizon  is  Night. 

It  is  plain  the  horizon  is  a  variable  circle,  for 
there  is  a  different  one  for  every  different  point  of 
the  globe.  So  that  a  traveller  never  keeps  the  fame 
horizon. 

This  circle  is  divided  into  4  quarters  or  qua- 
drants ;  and  the  points  of  divifion  are  the  eaft, 
weft,  north  and  fouth,  called  the  four  cardinal  points. 
The  eaft  is  where  the  prime  vertical  cuts  the  horizon 
towards  fun-rife,  and  the  weft  where  the  fame  cir- 
cle cuts  it  towards  fun-fet.  The  fouth  is  where 
the  meridian  cuts  the  horizon  towards  the  fouth 
pole ;  and  the  north  where  the  fame  circle  cuts  it, 
E  towards 


5o  ASTRONOMICAL 

Fig.  towards  the  north  pole ;    which  to  us  is  the  ele- 

14.  vated  pole. 

The  azimuth  or  amplitude  of  the  fun  or  a  ftar 
is  counted  upon  this  circle.  And  Upon  this  circle 
are  drawn  the  mariners  32  points  of  the  compafs. 
It  is  owing  to  this  circle  that  all  the  celeftial  mo- 
tions become  fenfible  •,  and  it  is  a  fort  of  a  gage  or 
landmark,  whereby  to  judge  of  the  quantities  of 
thefe  motions. 

D  E  F.     IV. 

Meridians  are  great  circles  as  PA/>,  pafllng  thro* 
the  poles  of  the  world,  P,  p ;  and  therefore  are 
perpendicular  to  the  equator  EQ.  Thefe  are  alio 
called  hour  Circles.  And  upon  the  earth  thefe  cir- 
cles are  circles  of  longitude.  Upon  thefe  circles, 
the  declination  of  a  ftar  is  counted.  And  the  lati- 
tudes of  places  on  the  earth  are  counted  on  thefe 
meridians. 

D  E  F.     V. 

Meridian  of  a  place,  is  that  meridian  which  partes 
thro'  the  zenith  of  that  place,  as  PZ/>N.  This  cir- 
cle pafTes  thro'  the  north  and  fouth  points  of  the 
horizon,  H  and  O.  When  the  fun  is  in  this  circle 
above  the  horizon,  it  is  noon ;  and  under  the  hori- 
zon it  is  midnight.  It  divides  the  world  into  two 
hemifpheres,  the  eaftern  and  weftern.  Thofe  that 
live  under  the  fame  meridian  have  noon  and  mid- 
night, and  all  the  hours,  at  the  fame  time.  A  tra- 
veller going  eaftward  or  weftward,  continually 
changes  his  meridian.  The  celeftial  meridian  is 
only  the  terreftrial  one  extended  to  the  heavens. 
On  this  circle  the  latitude  of  the  place  is  reckoned 
as  EZ,  which  is  equal  to  the  height  of  the  pole  OP. 

D  E  F.     VI. 

Vertical  Circles  are  great  circles  as  ZBN,  pafllng 
thro'  the  zenith  and  nadir  5  and  therefore  are  per- 

pendicu- 
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pehdicular  to  the  horizon.     The  altitude  of  a  ftar  Fig. 
is  counted  in  one  of  thefe  circles.  14. 

DEF.     VII. 
Equinoctial  Colure  is  a  meridian  PCp,  parting  thro' 
the  equinoctial  points  at  C.     This  is  perpendicular 
both  to  the  folftitial  colure,  and  to  the  equinoctial. 

DEF.     VIIL 

Solftitial  Colure  is  a  meridian  PKPL,  palling  thro' 
the  folftitial  points  K,  L  ;  or  the  points  where  the 
fun  is  higheft  and  loweft  in  the  courfe  of  the  year. 
This  is  perpendicular  to  the  equinoctial  colure  and 
to  the  equinoctial. 

D  E  F.     IX, 

Prime  Vertical  is  that  vertical  circle  ZCN,  which 
palTes  thro'  the  zenith,  and  is  perpendicular  to  the 
meridian,  and  to  the  horizon.  This  cuts  the  horizon 
in  the  eafi  and  weft  points.    The  eaft  being  toward  ' 
fun-rife,  and  the  weft  toward  fun-fet. 

DEF.     X. 

Circles  of  longitude  in  the  heavens^  are  great  cir- 
cles pacing  thro'  the  poles  of  the  ecliptic  R  and 
m ;  and  therefore  are  perpendicular  to  the  ecliptic. 
The  latitude  of  the  ftars  is  counted  on  thefe  circles. 

DEF.     XI. 

The  Tropics  are  two  letter  circles  KD,  FL,  pa- 
rallel to  the  equator,  and  pafling  thro'  the  folftitial 
points  K  and  L  ;  therefore  they  are  230  29'  diftant 
from  the  equinoctial.  The  north  one  KD  is  the 
tropic  of  Cancer  ;  the  fouth  one  FL,  the  tropic  of 
Capricorn.  When  the  fun  is  at  the  tropics  it  feems 
to  ftand  ft  ill  awhile,  and  then  return  back. 

DEF.      XII. 

The  polar  Circles  are  two  leffer  circles  MR,  mr, 

diftant  from  the  poles  P,  p,  230  29'.    The  northern 

E  2  one 
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Fig.  one  MR  is  the  arctic  circle ;  the  fouth  one  mr,  the 
14.  antarctic  circle. 

D  E  F.    XIII. 

Parallels  of  latitude ;  on  the  earth,  are  leffer  cir- 
cles KD,  parallel  to  the  equinoctial.  But  in  the  hea- 
vens, they  are  leffer  circles,  parallel  to  the  ecliptic, 
as  ST. 

D  E  F.    XIV. 

Parallels  of  altitude,  are  leffer  circles  as  GI  pa- 
rallel to  the  horizon. 

D  E  F.    XV. 

Parallels  of  declination,  are  leffer  circles  parallel 
to  the  equinoctial  as  KD. 

D  E  F.     XVI. 

Latitude  of  a  place,  is  an  arch  of  the  meridian 
contained  between  the  equinoctial  and  the  place 
given,  as  ES  is  the  latitude  of  S.  This  is  equal 
to  the  height  of  the  pole  above  the  horizon. 

D  E  F.    XVII. 

Latitude  of  a  Star,  is  an  arch  of  a  circle  of 
longitude  contained  between  the  ftar  and  the  eclip- 
tic, as  KS  is  the  latitude  of  S. 

D  E  F.    XVIII. 

Declination  of  a  Star,  is  an  arch  of  the  meridian 
contained  between  the  ftar  and  the  equinoctial. 
Thus  ES  is  the  declination  of  S. 

D  E  F.    XIX. 

Altitude  of  a  Star,  &c.  is  an  arch  of  a  vertical 
circle  contained  between  the  ftar  and  the  horizon  j 
as  VB  is  the  altitude  of  V. 

D  E  F.     XX. 

Azimuth  is  an  arch  of  the  horizon  contained  be- 
tween 
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tweenthe  ftar's  azimuth  circle,  and  the  north  point.  Fig. 
BO  is  the  azimuth  of  V.  14. 

D  E  F.    XXI. 

'Amplitude  is  an  arch  of  the  horizon  between  that 
point  where  the  fun  or  a  ftar  rifes,  and  the  eaft  or 
weft  point.     As  CB  is  the  amplitude  of  B. 

D  E  F.  XXII. 
Right  Afcenfton,  is  an  arch  of  the  equino&ia! 
reckoned  from  the  vernal  equinox  to  the  fun  or 
ftar's  meridian.  Thus  CA  is  the  right  afcenfion 
of  V,  if  it  is  between  C  and  K  5  or  elfe  CEA,  if 
V  is  beyond  the  tropic  K. 

D  E  F.     XXIII. 

Afcenfional  difference,  is  an  arch  of  the  equinoctial, 
between  the  fun's  meridian,  and  the  point  of  the 
equinoctial  that  rifes  with  him.  Or  it  is  the  angle 
at  the  pole  between  the  fun's  meridian,  and  the  fix 
o'clock  meridian.  Thus  the  afcenfional  difference 
of  Y  is  the  arch  AC,  or  the  angle  YPC. 

D  E  F.     XXIV.  _  _ 

Oblique  Afcenfion  or  defcenjion '  is  the  fum  or  dif- 
ference of  the  right  afcenfion,  and  the  afcenfional 
difference.  Or  it  is  the  diftance  from  the  firft  point 
of  Aries,  to  that  point  of  the  equator,  that  rifes  or 
fets  with  the  fun,  or  any  ftar. 

D  E  F.     XXV. 

"Longitude  of  the  Sun,  is  an  arch  of  the  ecliptic 
contained  between  the  firft  point  of  Aries,  and  the 
fun ;  and  that  of  a  Star,  contained  between  the  firft 
point  of  Aries,  and  the  ftar's  circle  of  longitude* 
Thus  CX  is  the  longitude  of  the  fun  at  X. 

D  E  F.    XXVI. 

Longitude  of  a  Place,  is  an  *arch  of  the  equator 

between  the  firft  meridian,  and  the  meridian  of  the 

E  3  place. 
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Fig.  place.     And  difference  of  longitude,  is  the  angle  at 

14.  the  pole  between  the  meridians  of  two.  places.    As 
APG  —  dif.  longitude  of  A  and  G* 

D  E  F.    XXVII. 

Hour  of  the  day  is  an  arch  of  the  equinoctial  be- 
tween the  meridian  of  the  place,  and  the  fun's  me- 
ridian. As  if  the  fun  be  at  A,  then  AE  is  the  hour 
at  the  places  S,  K,  E,  G,  &c. 

All  altitudes,  azimuths,  amplitudes,  &c.  and  in 
general  all  distances  relating  to  the  fphere,  are  mea- 
iured  by  degrees,  and  minutes,  as  explained  in  the 
trigonometry.  In  folving  any  Problems  of  the  fphere, 
there  is  no  occafion  for  drawing  the  whole  fphere  ; 
it  will  be  fufRcient  in  moft  cafes  to  draw  only  a  tri- 
angle or  fuch  a  part  of  it,  as  contains  the  condi- 
tions of  the  Problem.  And  then  all  the  following 
Problems  will  be  folved  upon  this  hypothecs,  that 
the  earth  Hands  flill,  and  that  all  the  celeftial  bo- 
dies are  in  motion.  The  folution  of  Aftronomical 
Problems  is  only  the  application  of  Spherical  Tri- 
gonometry to  Aftronomy. 

P  R  O  B.      I. 

15.  Given  the  place  of  the  fun  in  the  ecliptic  -,  to  find 
his  right  afcenfion  and  declination. 

Let  CGB  be  the  ecliptic,  CA  the  equinoctial,  C 
the  vernal  equinox,  G  the  place  of  the  fun,  and 
GF  a  meridian  palling  thro'  the  fun.  Then  CF  is 
the  right  afcenfion,  and  GF  the  declination.  In 
all  thefe  Problems,  we  fuppofe  the  angle  GCF, 
which  the  ecliptic  makes  with  the  equator,  to  be 
given,  which  is  23°  29'.  Then  in  the  right  an- 
gled fpherical  triangle  CGF,  there  is  given  CG  the 
fun's  longitude,  and  angle  GCF  the  obliquity  of 

the 
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the  eclipitc.     Therefore  by  Cafe.  u.  of.  right  angled  Fig 
fpherical  triangles,  to  find  CF,  1.5. 

Radius  : 

Cof.  obliq.  ecliptic  GCF  :  :- 

Tan.  fun's  longitude  CG  i- 

Tan.  right  afcenfion  CF. 
And  by  Cafe  2.  to  find  G.F. 

Radius : 

S.  obliq.  ecliptic  GCF  :  ■:- 

S.  fun's  longitude  CG  : 

S.  declination  GF. 
If  the  fun's  longitude  be  greater  than  a  quadrant^ 
his  right  afcenfion  will  be  lb- too  ;  but  his  declina- 
tion never  exceeds  2 30  29/.  Alfo  if  the  fun  be  in- 
die northern  fignsv  his  declination  will  be  north; 
if  he  is  in.  the  fouthern  figns,  his  declination  is  fbuth; 

Cor.  If  either  the  right  afcenfion.  or,  declination  be- 
given,  the  juris  longitude,  or  his  place  in  the  ecliptic, 
may  be  found,  by  changing  the  proportion,  or  working 
it  backwards* 

PROB.     II. 

fhere  is  given  the  fun's  declination,  to  find  his 
right  afcenfion* 

In  the  right  angled  triangle  CFG,  there  is  given 
FG  the  declination,  and  angle  C  the  obliquity  of 
the  ecliptic ;  to  find  CF  the  right  afcenfion.  By 
Cafe  10.  of  right  angled  fpherical  triangles, 

Radius  : 

Cotan.  obliquity  of  the  ecliptic  GCF  :  : 

Tan.  declination  FG  : 

S.  right  afcenfion  CF. 
Here  CF  may  be  either  lefs  or  greater  than  a  qua* 
drant; 

Cor.  If  the  right  afcenfion  is  given,  the  declination- 
may  he  found,  by  working  the  proportion  backwards. 
E4,  FROB- 
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Fig. 

P  R  O  B.     III. 

1 6.  Given  the  latitude  of  the  place,  and  the  fun's  de- 
clination •,  to  find  bis  afcenfional  difference  ;  and  his 
rifing  and  fetting. 

Let  CB  be  the  horizon,  CA  the  equinoctial, 
DB  the  fun's  parallel,  B  the  fun's  place  at  rifing, 
CD  the  fix  o'clock  meridian ;  AB  the  fun's  meri^ 
dian  at  rifing.  Then  the  angle  DCB  is  the  latitude, 
and  ACB  the  complement  of  the  latitude.  And 
CD  or  AB  is  the  declination.  Then  in  the  right 
angled  fpherical  triangle  CAB,  there  is  given  the 
angle  C,  and  fide  AB,  to  find  the  fide  CA.  There- 
fore by  Cafe  10.  of  right  angled  fpherical  triangles, 

Rad: 

Tan.  latitude  DCB  :  : 

Tan.  declination  AB  : 

S.  af.  difference  CA. 
Then  the  afcenfional  difference  is  to  be  turned  into 
time,  allowing  4  minutes  of  time  to  1  degree  ;  and 
that  will  be  the    time  the  fun   rifes  before  6  if 
it  be  fummer,  or  after  6  in  winter. 

Cor.  1 .  And  if  the  lat.  and  of.  difference  he  given ; 
the  declination  may  be  found,  by  working  the  -propor- 
tion backwards. 

Cor.  2 .  When  fun-rijing  is  found,  double  it  and  it 
gives  the  length  of  the  night ;  and  double  the  time  of 
jun-fet,  for  the  length  of  the  day. 

P  R  O  B.    IV. 

Having  the  latitude  of  the  place,  and  the  fun's  de- 
clination to  find  his  amplitude. 

Let  CB  the  horizon,  CA  the  equinoctial,  B  the 
fun,   BA  or  CD  his  declination3  angle  ACB  the 

com- 
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complement  of  the  latitude.     Then  in  the  right  Fig. 
angled  fpherical  triangle  CAB,  there  is  given  the  16. 
ano-le  C  and  fide  AB,  to  find  the  hypothenufe  CB. 
Therefore  by  Cafe  12.  of  right  angled  fpherical 
triangles, 

Cof.  latitude  : 

S.  declination  AB  :  : 

Radius  : 

S.  amplitude  CB. 
If  the  declination  is  north  the  amplitude  is  north ; 
and  if  fouth,  it  is  fouth. 

Cor.  1.  If  the  latitude  and  amplitude  he  given  5  the 
declination  may  be  found  by  the  fame  proportion. 

Cor.  2.  If  the  declination  and  amplitude  be  given  ; 
the  latitude  may  be  found  by  working  backwards. 

P  R  O  B.     V. 

Given  the  latitude  of  the  place ',  and  the  fun* s  decli"  17. 
nation  -,  to  find  his  altitude  when  eaft. 

Let  HC  be  the  horizon,  EC  the  equinoctial,  S 
the  fun,  HES  the  meridian  paffing  thro*  the  fun, 
CS  the  prime  vertical.  Then  ES  is  the  declination, 
and  EC  the  afcenfional  difference,  CS  his  altitude 
eaft,  and  <C  ECS  the  latitude.  Therefore  in  the 
right  angled  fpherical  triangle  CES,  there  is  given 
the  fide  ES,  and  the  angle  ECS,  to  find  the  hy- 
pothenufe CS.  Therefore  by  Cafe  12.  of  right 
angled  fpherical  triangles, 

S.  latitude  ECS  : 

S.  declination  ES  :  : 

Radius  : 

S.  altitude  when  eaft,  or  weft  CS. 

Cor.  1.  If  the  latitude  and  altitude  eaft,  be  given ; 
the  declination  may  be  founds  by  the  fame  proportion. 

Cor* 
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Fig.      Cor.   2.    If  the  declination  and  altitude  eajb,  be 
1 7.  given  ;  the  latitude  may  be  found,  by  working  back- 
wards. 

P  R  O  B.     VI. 

17.       Having  given  the   latitude  of  the  place,  and  tht 
fun's  declination  ;  to  find  the  time  when  he  is  eali. 

Let  HC  be  the  horizon,  EC  the  equinoctial,  S 
the  fun's  place,  HES  the  fun's  hour  circle,  and 
CS  the  prime  vertical.  Then  the  angle  ECS  is 
the  latitude,  ES  the  declination,  CS  the  altitude 
when  eaft,  and  EC  the  afcenfional  difference.  There- 
fore in  the  right  angled  fpherical  triangle  CES ; 
there  is  given  the  fide  ES,  and  the  angle  ECS ; 
to  find  the  fide  CE.  Whence  by  Cafe  10.  of  right 
angled  fpherical  triangles, 
Radius  : 

Cotan.  latitude  ECS  :  r 
Tan.  declination  ES  :  - 
S.  afcenfional  difference  EC. 
This  converted  into  time,  allowing  15  degrees 
to  an  hour,  and  1  degree  to  4  minutes,  mews  how 
long  it  is  after  6  in  the  morning,  or  before  6  in  the 
evening,  when  the  fun  is  eaft  or  weft. 

Cor.  1 .  If  the  latitude  and  time  when  the  fun  is 
eaft  be  given,  the  declination  may  be  found,  by  work- 
ing backwards. 

Cor.  2.  If  the  declination  and  time  or  afcenf.  dif- 
ference be  given  -,  the  latitude  may  be  found,  by  vary- 
ing the  proportion. 

P  R  O  B.      VII. 

jgf      The  latitude  of  the  place,  and  fun?s  declination  be- 
ing given  i  to  find  his  altitude  at  6. 

Let  CO  be  the  horizon,  CS  the  6  o'clock  meri- 
dian, AC  the  prime  vertical,  S  the  place  of  the 

fun, 
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fun,  AS  his  parallel  of  altitude,  OS  his  vertical  Fig. 
circle.     SCO  the  latitude  of  the  place.     Then  in  18. 
the  rio-ht  angled  fpherical  triangle  COS,  there  is 
o-iven  the  hypothenufe  CS  and  angle  OCS,  to  find 
the  fide  OS.     Therefore  by  Cafe  2.  of  right  an- 
gled fpherical  triangles, 

Radius  : 

S.  declination  CS  :  : 

S.  latitude  OCS  : 

S.  altitude  at  6,  SO. 

Cor.  1 .  If  the  latitude  and  altitude  at  6  be  given9 
the  declination  may  be  found,  by  varying  the  proportion. 

Cor.  2.  If  the  declination  and  altitude  at  6  be 
given  ;  the  latitude  may  be  founds  by  working  the  pro- 
portion backwards. 

P  R  O  B.    VIII. 

The  latitude  of  the  place,  and  the  fun's  declination  *8* 
being  given  ■>  to  find  his  azimuth  at  6  o'clock* 

Let  CO  be  the  horizon,  S  the  fun's  place,  CS 
the  6  o'clock  meridian,  SO  the  fun's  vertical  cir- 
cle, angle  SCO  the  latitude ;  then  CO  is  his  azi- 
muth at  6.  Therefore  in  the  right  angled  fpheri- 
cal triangle  COS,  there  is  given  the  declination 
CS,  and  angle  SCO,  to  find  CO.  Therefore  by 
Cafe  1 .  of  right  angled  fpherical  triangles, 

Radius  : 

Cof.  latitude  SCO  :  : 

Tan.  declination  CS  ; 

Tan.  azimuth  at  6,  CO  from  the  eaft. 
Then  the  azimuth  from  the  north  is  readily  found. 

Cor.  1 .  If  the  latitude,  and  fun's  azimuth  at  6, 
be  given ;  the  declination  may  be  found,  by  working 
backwards. 

Cor, 
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Fig.      Cor.  2*  If  the  fun's  declination,  and  azimuth  at  6 
18.  be  given  ;  the  latitude  may  be  found,  by  the  fame  pro- 
portion. 

P  R  O  B.     IX. 

16.      *fhe  latitude  of  the  place,  and  the  fun's  amplitude 
being  given ;  to  find  the  afcenfional  difference. 

Let  CB  be  the  horizon,  CA  the  equinoctial,  B 
the  place  of  the  fun,  AB  his  hour  circle,  BCA  the 
complement  of  the  latitude.  Then  in  the  right 
angled  fpherical  triangle  CAB,  there  is  given  the 
angle  ACB,  the  hypothenufe  CB  the  amplitude ; 
to  find  the  fide  CA  or  the  afcenfional  difference. 
Therefore  ijy  Cafe  1.  of  right  angled  fpherical  trw 
angles, 

Radius  : 

S.  latitude  DCB  :  : 

Tan.  amplitude  CB  : 

Tan.  afcen.  difference  CA. 
Then  C A  turned  into  time  allowing  1 5  degrees  ta 
an  hour,  and  1  degree  to  4  minutes,  gives  the  time 
the  fun  rifes  before  6  in  fummer,  or  after  6  in 
winter. 

Cor.  1 .  If  tht  latitude  of  the  place,  and  the  afcen- 
Jional  difference  be  given,  the  amplitude  may  be  found, 
by  working  backwards. 

Cor.  2.  If  the  amplitude  and  afc.  difference   be 
liven,  the  latitude  may  be  found  by  the  fame  proportion* 

P  R  O  B.     X. 

16*.      The  fun's  amplitude  and  declination  given  ;  to  find 
bis  afcenfional  difference. 

Let  CB  be  the  horizon,  B  the  fun's  place,  BA 
his  hour  circle,  CA  the  equinoctial.    Then  CB  is 

the 
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the  amplitude,  AB  the  declination,  and  AC  the  af-  Fig. 
cenfional  difference.   Therefore  in  the  right  angled  16, 
fpherical  triangle  CAB,  there  is  given  the  hypothe- 
nufe  CB,  and  the  declination  AB  •,  to  find  the  af- 
cenfional difference  CA.     Therefore  by  Cafe  6.  of 
right  angled  fpherical  triangles, 

Cof.  declination  AB  : 

Cof.  amplitude  CB  :  : 

Radius  : 

Cof.  afc.  difference  CA." 
The  afcenfional  difference  converted  into  time,  al- 
lowing 15  degrees  for  an  hour*  mews  how  long 
the  fun  rifes  .before  6  in  fummer,  or  after  6  in 
winter. 

Cor.  1.  If  the  fun's  declination,  and  the  afcenfional 
difference  be  given  •,  his  amplitude  may  be  found,  by 
the  fame  proportion. 

Cor.  2.  If  the  amplitude,  and  the  afcenfional  dif- 
ference be  given ;  the  declination  may  be  found,  by 
working  backwards. 

PROB.     XL 
I&ving  given  the  latitude  of  the  place,  and  the  *8. 
fun's  azimuth  at  6  o'clock  ;  to  find  his  altitude. 

Let  CO  be  the  horizon,  CS  the  6  o'clock  hour 
circle,  S  the  fun's  place,  SO  the  fun's  vertical  cir- 
cle. Then  OCS  is  the  latitude,  CO  the  fun's  azi- 
muth from  the  eaft  at  6,  and  OS  his  altitude  at 
that  time.  Therefore  in  the  right  angled  fpherical 
triangle  COS,  there  is  given  the  fide  CO,  and  the 
angle  OCS  %  to  find  the  fide  OS.  Then  by  Cafe  7. 
of  right  angled  fpherical  triangles, 

Radius  : 

S.  azimuth  CO,  from  the  eaft  : : 

Tan.  latitude  SCO  : 

Tan.  altitude  at  6,  OS. 

Cor. 
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Fig.      Cor.  i.  If  the  latitude  and  altitude  at  6  be  given  $ 
1 8.  the  azimuth  may  be  found,  by  the  fame  proportion. 

Cor.  2.  If  the  altitude  and  azimuth  at  6  be  given  ; 
the  latitude  of  the  place  may  be  found,  by  working 
backwards. 

P  R  O  B.      XII. 

1 7*       Given  the  latitude  of  the  place,  and  fun's  altitude 
when  eajl\  to  find  the  afcenfional  difference,  or  the  hour. 

Let  HC  be  the  horizon,  SC  the  prime  vertical, 
EC  the  equinoctial,  S  the  place  of  the  fun,  SE 
his  hour  circle.  Then  angle  ECS  is  the  latitude, 
SC  the  fun's  altitude  when  eaft,  and  EC  the  afcen- 
fional difference.  Therefore  in  the  right  angled 
fpherical  triangle  ECS,  there  is  given  the  hypothe- 
nufe  SC,  and  the  angle  SCE  •,  to  find  the  fide  EC. 
Then  by  Cafe  i.  of  right  angled  fpherical  triangles, 

Radius  : 

Cof.  latitude  ECS  :  i 

Tan.  altitude  eaft  SC  : 

Tan.  afc.  difference  EC. 
This  turned  into  time,  putting  4  minutes  for  every 
degree,  gives  the  time  after  6,  when  the  fun  is  eaft  j 
or  before  6,  when  weft. 

Cor.  1 .  If  the  latitude,  and  the  hour,  or  afcenfional 
difference  be  given  -,  the  altitude  when  eaft  or  weft  may 
be  found,  by  varying  the  proportion. 

Cor.  2.  If  the  altitude  eajl,  and  the  afc.  difference 
he  given  ;  the  latitude  may  be  found,  by  the  fame  pro- 
portion. 

PROR.      XIII. 
17.       Given  the  fun' s  declination  and  his  altitude  when 
eajl ;  to  find  the  time,  or  the  afcenfio?ial  difference. 

Let  HC  be  the  horizon,  EC  the  equinoctial,  S 
the  place  of  the  fun,  SC  the  prime  vertical,  SE 

the 
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the  fun's  meridian  •,  then  <C  SCE  is  the  latitude,  Fig. 
SE  the  declination,  SC  the  altitude  at  6,  and  EC  1 7. 
the  afcenfional  difference.  Then  in  the  right  an- 
gled fpherical  triangle  SCE,  there  is  given  the  hy- 
pothenufe  SC,  and  fide  SE ;  to  find  the  fide  CE. 
Therefore  by  Cafe  6.  of  right  angled  fpherical  tri- 
angles, 

Cof.  declination  SE  : 

Cof.  altitude  eaft  SC  :  : 

Radius  : 

Cof.  afc.  difference  CE. 
Then  CE  turned  into  time,  allowing  1 5  degrees  to 
an  hour,  &c.  gives  the  time  after  6,  when  the  fun 
is  eaft ;  or  before  6,  when  weft. 

Cor.  i.  If  the  fun's  declination,  and  the  time  he  is 
eaft)  be  given-,  his  altitude  may  be  found,  by  the  fame 
proportion. 

Cor.  2.  If  the  fun's  altitude  when  eaft,  and  the 
time  be  given-,  his  declination  may  be  found,  by  work- 
ing backwards. 

P  R  O  B.    XIV. 

Having  the  fun's  declination  given,  and  altitude  at  18. 
€-,  to  find  his  azimuth. 

Let  CO  be  the  horizon,  CS  the  6  o'clock  hour 
circle,  S  the  place  of  the  fun,  SO  his  vertical  cir- 
cle. Then  angle  SCO  is  the  latitude,  CS  his  de- 
clination, CO  the  complement  of  his  azimuth,  and 
SO  his  altitude  at  6  o'clock.  And  in  the  right  an- 
gled fpherical  triangle  CSO,  there  is  given  the  hy- 
pothenufe  CS,  the  fide  SO  •,  to  find  the  other  fide 
CO.  Therefore  by  Cafe  6.  of  right  angled  fphe* 
rical  triangles, 

Cof.  altitude  at  6,  SO  : 

Cof.  declination  CS  ;  : 

Radius  : 

Cof.  azimuth  at  6,  from  the  eaft,  CO. 

Cor. 
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Fig.      Cor.   i.  If  the  declination  and  azimuth  at  6  be 
1 8.  given-,  the  altitude  at  6  may  be  found,  by  working 
the  "proportion  backwards. 

Cor.  2.  If  the  altitude  and  azimuth  at  6  be  given ; 
the  declination  may  be  found,  by  the  fame  proportion, 

P  R  O  B.     XV. 

io.       Given  the  latitude,  and  time  of  the  day,  and  the 
fun  in  the  equinoclial ;  to  find  his  altitude. 

Let  AC  be  the  horizon,  CS  the  equinoctial,  S 
the  fun's  place,  SA  the  fun's  vertical  circle.  Then 
ACS  is  the  complement  of  the  latitude,  AS  the 
fun's  altitude,  CS  the  arch  of  the  equinoclial  cor- 
refponding  to  the  time  from  6  o'clock  •,  which  is 
known  by  reducing  the  time  from  6,  into  degrees, 
allowing  15  degrees  for  an  hour.  Then  in  the 
right  angled  fpherical  triangle  ACS,  there  is  given 
the  hypothenufe  CS,  and  angle  C  ;  to  find  the  fide 
AS.  Therefore  by  Cafe  2.  of  right  angled  fpheri^ 
cal  triangles, 

Radius  : 

S.  hour  arch  from  6,  CS  :  : 

Cof.  latitude,  comp.  C  : 

S.  altitude  AS. 

Cor.  1.  If  the  latitude  and  altitude  be  given  ;  the 
time  may  be  found  by  the  fame  proportion. 

Cor.  2 .  If  both  the  time,  and  fun1  s  altitude  be  given  -, 
the  latitude  may  be  found,  by  working  the  proportion 
backward. 

P  R  O  B.     XVI. 

jo.       Given  the  latitude  and  time  of  the  day,    and  the 
fun  in  the  equator ;  to  find  his  azimuth. 

Let  AC  be  the  horizon,  CS  the  equinoclial,  S 
the  fun's  place,  and  S  A  his  vertical  circle.  Then  ACS 

is 
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is  the  complement  of  the  latitude,  AC  his  azimuth  Fig. 
from  6,  CS  the  arch  of  the  equinoctial  correfpond-  19. 
ing  to  the  time.     Then  in  the  right  angled  fpheri- 
cal  triangle  ACS,  there  is  given  the  hypothenufe 
CS,  and  angle  C  •,  to  find  the  fide  CA.    Therefore 
by  Cafe  1 .  of  right  angled  fpherical  triangles, 

Radius  : 

Sine,  latitude  (comp.  C)  :  : 

Tan.  hour  arch  from  6,  CS  : 

Tan.  azimuth  from  6,  CA. 

Cor.  1 .  If  the  latitude  and  azimuth  be  given,  the 
fun  being  in  the  equator ;  the  time  may  be  found,  by 
working  backwards. 

Cor.  2 .  If  the  azimuth  and  time  be  given ;  the  la- 
titude may  be  found,  by  the  fame  proportion. 

P  R  O  B.    XVII. 

Given  the  latitude,  and  fun's  altitude,  being  in  the  19. 
equator ;  to  find  his  azimuth. 

Let  AC  be  the  horizon,  CS  the  equinoctial,  S 
the  fun's  place,  SA  his  vertical  circle.  Then  ACS 
is  the  complement  of  the  latitude,  AS  his  altitude, 
AC  his  azimuth  from  6.  Therefore  in  the  right 
angled  fpherical  triangle  ACS,  there  is  given  the 
angle  C,  the  fide  AS  ;  to  find  the  fide  AC.  Whence 
by  Cafe  10.  of  right  angled  fpherical  triangles, 

Radius  : 

Tan.  latitude  (comp.  C)  :  : 

Tan.  altitude  AS  : 

S.  azimuth  from  6,  AC. 

Cor.  1.  If  the  latitude  and  azimuth  be  given ;  the 
altitude  may  be  found,  by  working  backwards. 

Cor.  2.  If  the  fun's  altitude  and  azimuth  be  given, 
Being  in  the  equinoclial ;  the  latitude  may  be  found,  by 
the  fame  -proportion. 

F  PROB. 
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V\crm 

P  R  O  B.    XVIII. 

14.      Given  the  latitude  of  the  place,  and  fun's  meridian 
altitude  j  to  find  its  declination. 

Let  GH  be  the  altitude  of  the  fun,  HE  the  com- 
plement of  the  latitude,  or  the  height  of  the  equa- 
tor. Then  fubtract  the  lefTer  altitude  from  the 
greater,  and  the  remainder  GE  is  the  declination. 
And  the  declination  will  be  north,  when  the  height 
of  the  fun  is  greater  than  the  complement  of  the 
latitude  •,  but  fouth,  if  lefTer.  As  is  evident  by 
the  figure. 

Cor.  If  the  fun's  meridian  altitude  be  given,  and 
his  declination  ;  the  latitude  may  be  found,  by  the  con- 
verfe  of  this. 

PROB.     XIX. 

To  find  at  what  hour  any  particular  ft ar  comes  up- 
on the  meridian,  on  a  given  day. 

This  is  performed  by  the  tables  of  the  fun's  right 
afcenfion,  and  of  the  ftars.  Find  the  right  afcen- 
fion of  the  fun,  and  of  the  given  ftar,  in  the  ta- 
bles ;  and  fubtract  the  right  afcenfion  of  the  fun 
from  the  right  afcenfion  of  the  ftar,  adding  24 
hours  or  360  degrees,  when  the  ftar  is  lefs.  And 
the  remainder  is"  the  difference  of  the  right  afcen- 
fions,  or  the  time  of  the  ftar's  fouthing,  from  noon. 

If  this  difference  of  the  right  aicenfior>s  is  had 
in  degrees  •,  it  is  eafily  turned  into  time,  allowing 
j  5  degrees  to  an"  hour. 

PROB.     XX. 

The  day  and  hour  being  given  ;  to  find  what  ftar 
is  fouth  at  that  time. 

In  the  table  of  the  fun's  right  afcenfion,  find  his 
right  afcenfion  for  the  given  day.     To  this  add  the 
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given  hour  reckoned  from  noon,  if  the  right  af-  Fig. 
cenfion  be  for  time.  But  if  the  right  afcenfion  be 
for  degrees,  reduce  that  time  to  degrees,  and  add  it 
to  the  fun's  right  afcenfion :  the  fum  will  be  the 
right  afcenfion  of  fome  ftar.  Therefore  look  for  it, 
in  the  table  of  the  liar's  right  afcenfion  ;  and  againft 
it,  or  the  neareft  to  it,  you  will  find  what  ftar  it  is. 
Note,  you  muft  throw  away  24  hours  or  360  de- 
grees, when  the  faid  fum  exceeds  that. 

Scholium. 

In  the  foregoing  problems  we  have  only  had  re- 
gard to  the  fun's  motion;  but  in  molt  of  thefe 
problems,  the  folutions  hold  equally  true  for  any 
liar  or  other  object.  Likewife  what  is  faid  about 
the  eaft  points  of  the  horizon,  as  the  amplitude,  al- 
titude, &c.  belongs  equally  to  the  weft  points.  I 
mall  now  proceed  to  the  folution  of  fuch  problems 
of  the  Iphere  as  depend  on  oblique  lpherical  trian- 
gles. 

P  R  O  B.    XXI. 

Having  given  the  latitude  of  the  place,  the  fun's  de-  20. 
clination,  and  altitude ;  to  find  hh  azimuth,  and  time 
of  obfervation,  and  angle  of  pofition  ZSP. 

Let  MZP  be  the  meridian,  Z  the  zenith,  P  the 
pole,  S  the  place  of  the  fun,  ZS  his  vertical  cir- 
cle, PS  his  meridian.  Then  ZP  is  the  complement 
of  latitude,  SP  the  complement  of  declination,  ancf 
SZ  the  complement  of  altitude ;  SZP  the  azimuth, 
and  ZPS  the  hour  angle  from  noon,  and  ZSP  the 
angle  of  pofition.  Therefore  in  the  oblique  fphe- 
rical  triangle  ZPS,  there  is  given  the  fides  ZP,  SP 
and  SZ  •,  to  find  the  angles  SZP,  SPZ,  and  ZSP. 
Therefore  by  Cafe  11.  of  oblique  fpherica}.  trian- 
gles. 

F  2  1.  Fot 
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Fig. 
20. 


1.  For  the  azimuth  SZP. 

S.ZSXS.ZP: 

Radius  fquare  :  : 

e  SP  +  ZP  —  ZS  v  Q  SP  +  ZS  —  ZP. 

o.  ■  <>  ^«  — — — — — — — — — -  • 

2  2 

Sine  fquare  of  \  SZP. 

Then  ~  SZP  will  be  known,  which  doubled  gives 

SZP  the  azimuth. 

2.  For  the  angle  ZPS. 

S.PZ  X  S.PS  : 

Radius  fquare  :  : 

s  ZS  +  ZP  ~  PS  x  S  zs  +  PS  —  ZP . 

2  2 

Sine  fquare  of  half  ZPS. 
Then  \  ZPS  being  known,    if  it  be  doubled  it 
mves  the  whole  angle  ZPS,  which  reduced  into 
time,  counting  15  degrees  for  an  hour,  gives  the 
time  from  noon,  that  this  happens. 

3.  For  the  angle  of  pofition  ZSP. 

S.SZ  X  S.SP  : 

Radius  fquare  :  : 

S   ZP  +  ZS  — SPvQ  ZP  +  SP  —  ZS  . 

2  2 

Sine  fquare  of  i-  ZSP. 
That  angle  doubled  gives  the  angle  of  pofition  ,ZSP. 

P  R  O  B.    XXII. 

Given  the  latitude  of  the  place,  and  the  fun's  de- 
clination and  azimuth  •,  to  find  his  altitude,  and  hour 
cf  obfervation. 

Let  MZP  be  the  meridian,  S  the  place  of  the 
fun*    ZS  his  vertical  circle,  PS  his   hour  circle. 

Then 
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Then  in  the  oblique  fpherical  triangle  ZPS,  there  Fig. 
is  given  the  complement  of  latitude  ZP,  the  com-  20. 
pleinent  of  declination  SP,  and  the  azimuth  SZP ; 
to  find  the  altitude  or  its  complement  ZS,  and  the 
angle  ZPS.  Therefore  by  Cafe  i.  and  3.  of  oblique, 
fpherical  triangles* 

1.  For  the  altitude  or  its  complement  ZS* 

by  Cafe  i>  S.SP  :  \ 

*  S.SZP:^  i 

S.ZP  :  J 

S.ZSP  the  angle  of  pofition.. 
Then  by  Cafe  &  for  obliques, 

e  ZPS  —  ZSP  j 

S. L  j 

2  I 

Q  ZPS  +  ZSP . .  j      1 

2  i 

PS— ZP 


Tan. 


2 
Tan.  £  ZS,  which  doubled  gives  ZS  the- 
complement  of  the  altitude. 

2.  For  the  angle  ZPS.  *" 

Find  the  angle  ZSP  as  before,  then  by  Cafe  2^ 

of  obliques,  \ 

SP  —  ZP  ^ 

2 

Q  SP  +  ZP_ 

O.  — —   •  ■> 


„       SZP— ZSP. 

Tan. * 

2 

Cot.  4-  ZPS,  which  doubled  gives  ZPS; 
this  angle  reduced  to  time,  allowing  15  degrees  ta 
an  hour,  mews  the  hour  from  12. 

f  3.  PROE 
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Flg*  P  R  O  B.     XXIII. 

20.       Given  the  latitude,  fun's  declination,  and  hour  of 
the  day  \  to  find  the  altitude  and  azimuth. 

Having  the  hour  from  noon,  reduce  it  into  de- 
grees, allowing  15  degrees  to  an  hour,  then  you 
have  the  hour  angle. 

Let  MP  be  the  meridian,  S  the  fun's  place,  SZ 
his  vertical  circle,  and  SP  his  hour  circle. 

Then  in  the  oblique  fpherical  triangle  ZPS,  there 
is  given  ZP  the  complement  of  latitude,  SP  the 
complement  of  the  fun's  declination,  and  ZPS  the 
hour  angle.  To  find  ZS  and  angle  PZS.  Let  fall 
the  perpendicular  SM.  Then  by  Cafe  7,  of 
oblique  triangles. 

i .  For  the  azimuth. 

Radius  : 

Cof.  hour  angle  ZPS  :  : 

Tan.  PS  the  co-declination  : 

Tan.  PM. 
Then  PM  —  PZ,  or  the  difference  of  PM  and  PZ 
is  -  ZM.     Then 

S.PM  : 

S.ZM  : : 

Cotan.  hour  angle  SPZ  : 

Cotan.  PZS  the  azimuth. 
Then  if  PM  be  lefs  than  PZ,  SZP  is  of  the  fame 
affection  as  SPZ,  otherwife  of  different  affection. 

2.  For  the  altitude. 

Find  the  azimuth  as  before ;  then  by  Cafe  8,  of 
oblique  fpherical  triangles, 
S.Azimuth  PZS  : 
S.PS  the  co-declination  :  : 
S.hour  angle  ZPS  : 
S.co-altitude  CS. 

PROB. 
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PROB.     XXIV.  Flg# 

Given  the  latitude  of  the  place,  the  fun1  s  altitude  and  20.. 
azimuth  ;  to  fnd  the  declination,  and  hour  of  the  day. 

Let  PM  be  the  meridian,  Z  the  zenith,  P  the 
pole,  S  the  fun,  ZS  his  vertical  circle,  PS  his  hour; 
circle. 

Then  in  the   fpherical  triangle  ZPS,   there  is 
given  ZP  the  co-latitude,  ZS  the  co-altitude,  and: 
PZS  the  azimuth.     To  find  the  fide  PS  and  angle 
ZPS. 

Let  fall  a  perpendicular  SM-  upon  PZ,  then  by. 
Cafe  8,  of  oblique  fpherical  mangles,-  . 

1.  For  the  declination% 
Radius  : 

Cof.  Azimuth  PZS  :  : 
Tan.  co-altitude  ZS  : 
Tan.  ZM.     Then  PZ  +  ZM  =  PM. 
Then  Cof.  ZM  :.; 

Cof.  co-altitude  ZS  : : 
Cof.  PM  : 

Cof.  co-declination  PSror  the  fine  of  the  de^ 
dination. 

2.  For  the  hour. 
Find  the  bafe  ZM  as  before;  then  by  Cafe  7*. 
S.ZM  : 
S.PM  :  : 

Cot.  azimuth  PZS  k 
Cot.  hour  angle  ZPS. 
Then  the  angle  ZPS  being  turned  into  time,  reck- 
oning 15  degrees  to  an  hour,  fhews  the  time  from: 
noon.  r 

PRO  B.    XXV. 
Having  given  the  latitude,,  the  fun \r  altitude,  and'  20^ 
the  hour-,  to  find  his  declination  and  azimuth. 

Let  PZM  be  the  meridian,  Z  the  zenith,  P  the 

pole,  ZPtthe  complement  of  the  latitude,  ZS  his 

F  4..  co-alti- 
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Fig.  co-altitude,  PS  his  co-declination,  PZS  his  azimuth, 

20.  and  ZPS  the  hour  angle. 

Then  in  the  oblique  fpherical  triangle  ZPS,  there 
is  given  PZ,  ZS,  and  angle  ZPS  by  turning  the 
time  into  degrees  -,  to  find  PS  and  angle  PZS. 

i.  For  the  declination. 

By  Cafe  i,  of  oblique  fpherical  triangles, 

S.  co-altitude  SZ  : 

S.  hour  angle  SPZ  :  : 

S.  comp.  latitude  ZP  : 

S.  ZSP;  then 
by  Cafe  3,  9J  4  diff.  angles  ZPS  and  ZSP  : 

S.  4  fum  of  ZPS  and  ZSP  :  : 

Tan.  4-  diff.  fides  ZP  and  ZS  : 

Tan.  i  PS,    which  doubled  is  PS  the 
complement  of  the  declination. 

2.  For  the  azimuth. 

Find  the  angle  ZSP  as  before.   Then  by  Cafe  2, 
S.  4-  diff.  of  the  fides  ZP  and  ZS 
S.  \  fum  of  the  fides  ZP  and  ZS 
Tan.  ^  diff.  angles  ZPS  and  ZSP 
Cotan.  {  PZS,  which  doubled  is  PZS  the  azimuth. 


20. 
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Given  the  latitude  of  the  place,  the  fun's  azimuth 
and  hour  of  the  day ;  to  find  his  declination  and  al- 
titude. 

Let  MP  be  the  meridian,  Z  the  zenith,  P  the 
pole,  S  the  fun ;  then  ZS  is  the  fun's  vertical,  and 
PS  his  hour  circle.     Therefore, 

In  the  oblique- ipherical  triangle  ZPS,  there  is 
given  the  fide  ZP,  and  the  angles  PZS  and  ZPS  ; 
to  find  PS  and  ZS  ;  for  the  time  from  noon  being 
turned  into  degrees  gives  the  angle  ZPS. 

Then 
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Then  by  Cafe  9,  of  oblique  fpherical  triangles,    Fig, 
Cof.  4  fum  angles  PZS  and  ZPS  :  20. 

Cof.  i  diff.  angles  PZS  and  ZPS  :  : 
Tan.  4-  comp.  latitude  PZ  : 
Tan.  ~  fum  of  the  op.  fides  PS  and  ZS. 
Alfo  S.  4.  fum  angles  PZS  and  ZPS  : 
6:  £  diff.  angles  PZS  and  ZPS  :  : 
Tan.  4-  comp.  latitude  PZ  : 
Tan.  4-  diff.  oppofite  fides  PS  and  ZS. 
The  fum  of  that  4-  fum  and  \  difference,  gives 
the  greater  fide,  or  that  oppofite  to  the  greater  an- 
gle ;  and  their  difference  gives  the  leffer  fide,  or 
that  oppofite  to  the  leffer  angle.     And  thefe  are 
the  complements  of  the  declination  and  altitude. 

P  R  O  B.    XXVII. 

the  fun's  declination,  altitude,  and  azimuth  being  20 1 
given,  to  find  the  time  of  obfervation,  and  latitude  of 
the  -place. 

Suppofe  MP  the  meridian,  Z  the  zenith,  P  the 
pole,  S  the  fun,  ZS  the  co- altitude,  PS  the  co-de- 
clination. SZP  the  azimuth,  ZPS  the  hour  angle, 
ZP  the  co-latitude.     Therefore, 

In  the  oblique  fpherical  triangle  ZPS,  there  is 
given  the  fides  SP  and  SZ,  and  angle  PZS  j  to 
find  the  angle  SPZ  and  fide  ZP. 

1,  For  the  time. 

By  Cafe  iff,  of  oblique  fpherical  triangles,' 

S.  comp.  declination  SP  : 

S.  azimuth  SZP  :  : 

S.  comp.  altitude  SZ  : 

S.  hour  angle  ZPS. 
Then  ZPS  reduced  to  time,  counting  15  de- 
grees to  an  hour,  gives  the  time  from  noon. 

2.  For 
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Fig* 
20#  2.  For  the  latitude. 

The  angle  ZPS  being  found,  then  by  Cafe  3d, 
S.  f  cliff.  ZPS  and  PZS  : 
S.  f  fum,  ZPS  and  PZS  :  : 
Tan.  7  diff.  fides  SP  and  SZ  : 
Tan.  f  ZP  ;  then  this  doubled  gives  ZP  the 
complement  of  the  latitude. 

P  R  O  B.      XXVIII. 

20.  The  Juris  declination,  altitude  and  hour  of  the  day 
being  given  \  to  find  his  azimuth,  and  the  latitude  of 
the  place. 

Let  MP  be  the  meridian  of  the  place,  Z  the 
zenith,  P  the  pole,  S  the  fun,  ZS  his  vertical  cir- 
cle, PS  his  hour  circle. 

Then  in  the  oblique  fpherical  triangle  SPZ, 
there  is  given  the  fides  SP,  SZ,  and  angle  SPZ  j 
to  £nd  the  angle  PZS  and  fide  ZP. 

1 .  For  the  azimuth. 

By  Cafe  ift,  of  oblique  fpherical  triangles, 
S.  complem.  altitude  ZS  : 
S.  hour  angle  ZPS  :  : 
S.  comp.  declination  SP  : 
S.  azimuth  PZS,  which  may  be  greater  than 
a  right  angle. 

2.  For  the  latitude. 

Having  found  the  angle  PZS  ;  then  by  Cafe  3d, 
S.  7  diff.  angles  SPZ  and  SZP  : 
S.  7  fum,  angles  SPZ  and  SZP  :  : 
Tan.  T  diff.  fides  SP  and  SZ  : 
Tan.  7  ZP,  which  doubled  gives  the  comple- 
ment of  the  latitude  ZP. 

PROB. 
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Fig. 
PROB.     XXIX. 

The  fan's  declination,  his  azimuth,  and  hour  of  the  20, 
day  being  given ;  to  find  his  altitude,  and  the  latitude 
of  the  place. 

Let  MP  be  the  meridian,  Z  the  zenith,  P  the 
pole,  S  the  fun,  ZS  his  vertical,  PS  his  meridian. 
Then  in  the  oblique  fpherical  triangle  ZPS,  there 
is  given  SP  (the  co-declination),  SZP  (the  azimuth)8 
and  ZPS  (the  hour  angle)  ;  to  find  ZS,  and  ZP. 

1 .  For  the  altitude. 

By  Cafe  4th,  of  oblique  fpherical  triangles, 
S.  azimuth  SZP  : 
S.  co-declination  SP  :  : 
S.  hour  angle  ZPS  : 
S.  co -altitude  ZS. 

2.  For  the  latitude. 

Having  f^und  the  co-altitude  ZS  as  before ;  by 
Cafe  5th, 

S.  f  dim  angles  PZS  and  ZPS  : 

S.  f  fum,  angles  PZS  and  Z  PS  :  : 

Tan.  f  dim  fides  PS  and  ZS  : 

Tan.  f  PZ,  which  doubled  gives  PZ  the  com- 
plement of  the  latitude. 

PROB.    XXX. 

Having  given  the  fun's  altitude,  and  his  azimuth,  20. 
and  the  hour  of  the  day ;  to  find  bis  declination,  and 
the  latitude  of  the  place. 

Let  MP  be  the  meridian,  P  the  pole,  Z  the  ze- 
nith, S  the  fun's  place,  PS  his  hour  circle,  ZS  his 
vertical  circle.  Then  SZ  is  his  comp.  of  altitude, 
SZP  his  azimuth,  ZPS  his  hour  angle,  PS  the 
comp.  of  declination  ZP  the  comp.  latitude. 

Then 
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Fig.      Then  in  the   fpherical  triangle  ZPS,    there  is 
20.  given  the  fide  ZS,  and  the  angles  PZS  and  ZPS, 

by  reducing  the  time  to  degrees ;  to  find  the  fides 

SP,  and  ZP, 

1.  For  the  declination. 

We  mail  have,  by  Cafe  4th,  of  oblique  fpheri- 
cal triangles, 

S.  hour  angle  ZPS  : 
S.  co-altitude  ZS  :  : 
S.  azimuth  PZS  : 
S.  co-declination  SP. 

2.  For  the  latitude. 

Having  found  PS  as  before,  then  by  Cafe  5th* 
S.  f  diff.  angles  PZS  and  ZPS  : 
S.  -•-  fum,  angles  PZS  and  ZPS  :  : 
Tan.  i  diff.  fides  PS  and  ZS  : 
Tan.  i-  ZP,  and  doubled  gives  ZP  the  com* 
plement  of  the  latitude. 

Scholium, 

What  has  been  laid  down  in  the  foregoing  pro- 
pofitions,  in  regard  to  the  fun,  holds  equally  true 
of  a  ftar,  or  any  other  object  that  appears  in  the, 
heavens. 

P  R  O  B.     XXXI. 

21.       The  latitude  of  the  place,    and  declination  of  the 
fun,  being  given ',  to  find  the  time  of  day  break. 

Let  HZO  be  the  meridian,  HO  the  horizon,  Z 
the  zenith,  P  the  pole,  S  the  fun  18  degrees  below 
the  horizon,  PS  his  hour  circle,  and  ZS  his  verti- 
cal circle.  EQ  the  equinoctial,  AB  the  fun's  pa- 
rallel, DF  the  parallel  of  twilight  below  the  horizon. 

Then  in  the  oblique  fpherical  triangle  ZPS,  there 
is  given  ZP  the  complement  of  the  latitude,  PS 
the  complement  of  the  declination,,  and  ZS  the  dif- 

tance 
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tance  of  the  fun  from  the  zenith  108  degrees.    To  Fig. 
find  the  hour  angle  Z  PS.     Therefore  all  the  fides  2 1 . 
being  given,  it  is  folved  by  Cafe  nth,  of  oblique 
fpherical  triangles,  thus 

S.  ZP  X  S.  SP  : 

Radius  fquare  :  : 

ZS  +  ZP  — SP  ZS  +  SP  — ZP 

S. ; X  S. — : 

2  2 

Sine  fquare  of  \  ZPS  -,  then  f  ZPS  being  had, 

if  it  be  doubled  it  gives  the  hour  angle  ZPS,  which 

turned  into  time,  allowing  1 5  degrees  to  an  hour, 

gives  the  time  from  noon,  that  twilight  begins,  or 

ends. 

P  R  O  B.    XXXII. 

The  right  afcenfion  and  declination  of  a  ftar  being  22. 
given ;  to  find  its  longitude  and  latitude. 

Let  LCQ^be  the  folftitial  colure,  EQ  the  equi- 
noctial, P  its  pole,  EC  the  ecliptic,  L  its  pole,  S 
a  ftar,  PSA  an  hour  circle  or  meridian,  LSDB  a 
circle  of  longitude.  Then  EA  is  the  liar's  right 
afcenfion,  and  AQ  its  complement  or  the  angle 
SPQj  and  AS  is  its  declination,  and  SP  its  com- 
plement. Alfo  ED  is  the  longitude  of  the  ftar, 
and  DC  or  angle  DLC  the  complement  of  it ;  and 
SD  is  its  latitude,  and  SL  the  complement  of  it. 

In  the  oblique  fpherical  triangle  LPS,  we  have 
given  the  fide  PS,  and  LP  (230  29'),  and  angle 
LPS  ;  to  find  the  angle  PLS  the  comp.  longitude, 
and  the  fide  LS  the  complement  of  the  declination 
SD. 

Let  fall  SO  perp.  to  LP.     Then 

1.  To  find  the  longitude. 

By  Cafe  7th,  of  oblique  fpherical  triangles, 
Radius  : 

Cof.  SPO  (comp.  right  afcenfion)  :  ; 
Tan.  PS  (comp,  declination)  : 
Tan,  PO.  The* 
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Fig.      Then  LP  +  PO  =  LO,  then 
22.  S.  PO  : 

S.  LO  :  ! 

Cotan.  SPO  (comp.  right  afcen.)  : 
Cotan.  SLP  (the  comp.  longitude). 

2.  For  the  latitude. 
Having  found  PO  and  LO,  as  before  j  then  by 
Cafe  8th, 
Cof.  PO  : 
Cof.  PS  :  : 
Col.  LO  : 
Cof.  LS,  the  complement  of  latitude* 

P  R  O  B.      XXXIII. 

22*       The  longitude  and  latitude  of  a  ftar  being  given  \ 
to  find  its  right  afcenfwn  and  declination. 

This  is  the  reverfe  of  the  laft  problem.  Let  S 
be  the  ftar,  LSD  a  circle  of  longitude,  cutting  the 
ecliptic  in  D  \  and  PSA  a  meridian  cutting  the 
equator  in  A.  Then  in  the  oblique  fpherical  tri- 
angle LPS,  there  is  given  the  fide  LP,  and  the 
angle  SLP  the  complement  of  the  longitude  from 
Aries,  or  the  neareft  equinoctial  point ;  and  the 
fide  SL  the  complement  of  the  latitude.  To  find 
the  angle  LPS  or  SPO,  which  determines  the  right 
afcenfion,  and  PS  the  complement  of  the  declina- 
tion.    Draw  SO  perpendicular  to  LP.     Then 

i.  For  the  right  afcenfion. 

By  Cafe  7th,  of  right  angled  fpherical  triangles, 
Radius  : 

Cof.  SLP  (comp.  longitude)  :  : 
Tan.  LS  fcomp.  latitude)  : 
Tan.  LO.     Then  LO  —  LP  =  PO. 

Again, 


Sed.  IL      PROBLEMS,  79 

Again,  S.  LO  :  FiK> 

S-  PO  :  :  ^  2  * 

Cotan.  SLP  (comp.  longitude)  : 
Cotan.  SPO  (comp.  right  afcenfion). 

2.  .Far  the  declination. 

Having  found  LO  and  PO  as  before ;  then  by 
Cafe  8  th, 

Cof.  LO  : 

Cof.  LS  (comp.  latitude)  :  : 

Cof.  PO  : 

Cof.  PS  (comp.  declination). 

Scholium. 

Hitherto  we  have  given  the  actual  folution  of 
fuch  problems  as  have  been  handled  relating  to  the 
fun  and  liars.  In  what  follows,  it  will  be  fuffi- 
cient  to  point  out  the  method  of  folution,  with- 
out troubling  the  reader  with  the  particular  pros- 
portions,  they  depend  on. 

PRO  B.    XXXIV. 

Having  given  the  places  of  two  Stars  A  andD,  23. 
and  the  difiance  of  third  fiar  Sfrom  both  of  them ;  to 
jifid  the  place  of  the  Star  S. 

Suppofe  the  places  of  the  liars  are  referred  to 
the  ecliptic  BQ^  whofe  pole  is  L.  Then  in  the 
triangle  LAD,  there  is  given  the  fides  LA,  LD, 
the  complements  of  the  latitudes  of  the  ftars,  and 
the  included  angle  ALD,  or  BQ,  the  difference 
of  longitude  of  the  flars  •,  from  thence  the  fide  AD, 
and  angle  LAD  will  be  found.  Again  in  the  tri- 
angle ASD,  we  have  all  the  fides,  by  which  the 
angle  SAD  may  be  found.  Then  the  angle  LAS 
will  be  had,  which  is  the  difference  of  the  angles 
LAD  and  SAD.  Laflly  in  the  triangle  LAS,  there 

is 
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Fig.  is  given  the  fide  LA,  and  the  fide  LS,  and  the  op- 

23.  pofite  angle  LAS  ;  whence  the  angle  ALS  will  be 

found,  the  difference  of  longitude  from  A  •,  and 

the  fide  LS,  the  complement  of  latitude  of  the 

ftarS. 

But  if  BQ  be  the  equinoctial,  P  the  pole  •,  and 
the  places  of  the  ftars  be  referred  to  the  equinoc- 
tial. Then  the  angle  ALS  will  be  the  difference  of 
right  afcenfion  from  A  •,  and  SL  the  complement 
of  declination  of  the  ftar  S. 

P  R  O  B.    XXXV. 

23.       The  right  afcenjions  and  declinations  of  two  Jlars 
A  and  D,  being  given  j  to  find  their  diftance  AD. 

Let  BQ  be  the  equator,  L  the  pole,  AB,  DQ, 
the  declinations  of  the  ftars ;  LA,  LD  their  com- 
plements. Then  fince  their  right  afcenfions  are 
given,  their  difference  BQ  is  given ;  therefore  in 
the  oblique  fpherical  triangle  LAD,  there  is  given 
the  fides  LA,  LD,  and  the  included  angle  ALD, 
by  which  the  diftance  AD  will  be  found. 

Cor.  1 .  If  the  latitudes  and  longitudes  of  two  Jlars 
he  given ;  their  diflance  will  be  found  the  fame  way. 

For  then  BQjs  the  ecliptic,  ACD  their  diffe- 
rence of  longitude;  and  AL,  DL,  the  comple- 
ments of  their  latitudes.  And  there  are  the  fame 
data  as  before. 

Cor.  2.  If  the  right  afcenfion  and  declination  of 
one  far,  and  declination  of  another  be  given^   and 
its  diftance  from  the  fir  Si  ;    its  right  afcenfion  may  be 
found. 

For  then  in  the  triangle  ALD,  the  fides  AL, 
AD,  and  LD  will  be  given  -,  to  find  the  angle 
ALD. 

Cor, 
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Cor.  3.  And  the  fame  thing  holds  good  in  refpefi  0/Fig, 
the  longitude  and  latitude  of  the  fiars. 

P  R  O  B.     XXXVL 

Hawing  the  latitude  of  the  place ',  the  altitude  of  a  20l 
ftar,  whofe  right  afcenfion  and  declination  is  known, 
and  the  day  given  -,  te  find  the  moment  of  time,  and 
the  azimuth. 

Let  MZP  be  the  meridian,  S  the  place  of  the 
ftar,  ZS  its  vertical  circle,  PS  its  hour  circle.  Then 
in  the  triangle  ZPS,  there  is  given  all  the  fides, 
viz.  PZ  the  complement  of  the  latitude,  ZS  the 
complement  of  the  altitude,  and  PS  the  comple- 
ment of  declination  of  the  ftar ;  from  which  the 
azimuth  PZS  is  found,  and  the  angle  ZPS  which 
anfwers  to  the  right  afcenfion  included  between  the 
ftar  S,  and  the  meridian  of  the  place  MP.  But 
fince  the  day  is  given,  the  fun's  right  afcenfion  is 
given,  and  therefore  the  difference  between  the 
fun's,  and  the  ftar's  right  afcenfions,  is  known  5 
therefore  to  or  from  this  difference  add  or  fubtra<5fc 
the  right  afcenfion  belonging  to  the  angle  ZPS, 
according  as  the  fun  and  ftar  are  on  the  fame  or 
different  fides  of  the  meridian  PM  ;  and  you  have 
the  right  afcenfion  contained  between  the  meridian 
and  the  fun  ;  which  converted  into  hours  and  mi- 
nutes, the  time  becomes  known. 

Cor.  By  a  like  procefs,  if  the  azimuth  was  given, 
the  altitude  and  time  may  be  found. 

For  in  the  triangle  ZPS,  there  will  be  given  ZP9 
SP  and  angle  PZS  ;  to  find  ZS  and  angle  ZPS. 

P  R  O  B.    xxxvn. 

Given  the  latitude,  the  fun* s  place,  and  the  hour  of  2a.6 
the  day,  to  find  the  angle  made  by  the  horizon  and  e- 

G  cliptic 
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Fig.  cliptic,  or  the  height  of  the  nonagefimal  degree ;  the 
24.  "point  of  the  ecliptic  afcending  •,  the  point  of  the  nona- 
gefimal degree-,  and  the  azimuth  of  the  afcending 
point,  the  point  culminating,  and  its  altitude,  &c. 

Let  HZRC  be  the  meridian,  HR  the  horizon, 
Z  the  zenith ;  DQ  the  equinoctial,  P  the  pole, 
CAM  the  ecliptic,  E  the  firft  point  of  aries,  S  the 
fun,  PSB  an  hour  circle,  A  the  point  of  the  eclip- 
tic defcending,  AN  90  degrees,  and  N  the  higheft 
point  of  the  ecliptic,  ZNG  a  vertical  circle. 

The  place  of  the  fun  at  S  being  given  his  right 
afcenfion  EB  i's  had  by  Prob.  1.  And  the  hour  be- 
ing given ;  the  diftance  of  the  meridians,  or  the 
arch  of  the  equinoctial  BQ^is  given;  and  confe- 
quently  the  complement  BO.  Therefore  the  diffe- 
rence of  EB  and  BO,  that  is,  EO  is  known. 

Therefore  in  the  oblique  fpherical  triangle  AEO, 
there  is  given  the  angle  AEO  the  obliquity  of  the 
ecliptic,  and  AOE  the  complement  of  the  lati- 
tude, and  fide  EO ;  whence  all  the  reft  will  be 
found.     Therefore  we  (hall  have, 

1.  The  angle  EAO  and  its  fupplement  SAO, 
which  is  the  angle  made  by  the  horizon  and  eclip- 
tic ;  or  which  is  the  fame  thing,  the  arch  NG  the 
height  of  the  nonagefimal  degree  -t  this  then  is 
known. 

2.  The  fide  AE  will  be  known,  and  therefore 
the  point  A  of  the  ecliptic  defcending  will  be  known ; 
and  confequently  the  oppofite  point,  or  the  afcend- 
ing point  of  the  ecliptic  is  found. 

3. -The  fide  AO  is  had,  which  is  the  azimuth 
of  the  defcending  point  in  the  weft,  or  of  the  af- 
cending point  in  the  eaft,  therefore  this  becomes 
known. 

4.  By  adding  AN  or  90  degrees  to  AE,  the 
arch  EN  is  had,  which  gives  the  higheft  point,  or 
the  point  of  the  ecliptic,  that  is,  in  the  nonagefi- 
mal decree, 

5.  Since 


"e»* 
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5;  Since  AG,  OR  are  both  quadrants,  therefore  Fig. 
GR  =:  AO ;  whence  GR,  or  the  azimuth  of  the  24. 
nonagefimal  degree  from  the  fouth  is  known. 

6.  To  find  the  culminating  point.  If  to  AO  the 
quadrant  OR  be  added,  we  mail  have  AR.  There- 
fore in  the  right  angled  fpherical  triangle  ARM, 
we  have  the  fide  AR,  and  the  angle  MAR  found 
before ;  to  find  the  hypothenufe  AM  ;  to  which 
add  AE  found  before,  gives  EM  ;  whence  the  cul- 
minating point  M  of  the  ecliptic  is  known. 

Otherwife  thus,  in  "the  right  angled  triangle 
EQM,  EQ  and  <:E  are  given  to  find  EM,  and 
angle  M,  and  MQ.  Whence  MR,  MZ  are  known. 
Or  elfe, 

7.  In  the  fame  triangle,  the  fide  RM  will  be 
found,  which  is  the  altitude  of  the  culminating 
point  of  the  ecliptic. 

8.  In  the  fame  triangle  AMR,  the  angle  M  will 
be  found,  which  is  the  interferon  of  the  meridian 
with  the  ecliptic,  or  the  meridian  angle. 

9.  To  find  the  parallactic  angle,  or  the  angle 
which  the  vertical  circle  makes  with  the  ecliptic, 
as  ZSM.  In  the  right  angled  triangle  ZSN,  the 
fides  ZN,  NS  are  given ;  for  ZN  is  the  comple- 
ment of  NG ;  and  SN  is  the  complement  of  AS, 

or  of  ES  —  EA ;  confequently  the  angle  ZSN  or 
parallactic  angle  will  be  known.  The  fame  may- 
be found  in  the  triangle  ZMS ;  where  ZM,  and 
angle  ZMS  are  given,  and  MS  had  by  the  6th  ar- 
ticle ;  to  find  ZSM. 

10.  In  the  fame  triangle  the  fide  ZS  will  be 
found,  which  is  the  fun's  diftance  from  the  vertex, 
or  the  zenith  diftance. 

Cor.  1.  And  to  find  the  parallactic  angle  ZIF,  or 
the  angle  which  the  verticle  circle  ZS  makes  with  a 
kjfer  circle  FIK,  at  a  given  point  I, 

\  G  2  Let 
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Fig.  Let  the  vertical  circle  ZIS  cut  the  horizon  in  T, 
24.  and  let  MSA  be  the  ecliptic,  or  any  great  circle 
parallel  to  FIK.  Thro'  the  given  point  I,  draw 
1L  perp.  to  MSA  ;  then  the  parallactic  angle  ZSN 
is  known  by  Art.  9.  Therefore  in  the  right  angled 
fpherical  triangle  ISL,  there  is  given  the  angle  ISL, 
and  the  fide  IL,  the  diftance  of  the  parallel, 
from  its  great  circle  ;  whence  there  will  be  found 
the  angle  SIL,  the  complement  of  the  parallactic 
angle  KIS  or  ZIF. 

Or  thus, 
If  the  angle  SAT,  and  fide  AT,  of  the  right 
angled  fpherical  triangle  AST,  be  known ;  then 
it  will  be, 

As  Cof.  IL  :  Cof.  AT  :  :  S.SAT  :  Cof.  KIS  the 
parallactic  angle.  For  in  the  triangle  AST  (by 
Cafe  1  ith)  j  Cof.  AT  :  Cof.  S  :  :  Rad  :  S.  A  = 

Cof.  S 
Cort  AT  X  Radi  and  Cof.  IL  :  Cof.  S  :  :  Rad  :  S.I 

Cof.  S 
=  CoIlL    X  Rad<      Therefore>    S-A  :  S.I  :  : 

1  1 

CclAT  :  CoTlL  :  :  Cof*  IL  :  Cof'  AT :  for 
Cof.  S,  and  radius  are  common  both. 

P  R  O  B.    XXXVIII. 

g  If  a  planet  or  comet  S,  be  in  a  line  with  two  known 

*  Jlars  A  and  B ;  and  in  another  line  with  two  other 
known  Jlars,  C  and  D.  To  find  its  latitude  and 
longitude. 

The  longitude  and  latitude  of  all  the  flars  A, 
B,  C,  D,  are  known.  Therefore  in  the  triangle 
APB,  the  fides  AP,  PB,  and  angle  P  are  given ; 
to  find  the  angle  PAB.     Draw  AC  j  then  in  the 

triangle 
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triangle  PAC,  we  have  AP,  PC,  and  angle  P  •,  Fig. 
to  find  AC,  PAC,  and  PC  A  •,  then  we  have  the  63.. 
angle  CAB.  In  the  triangle  CPD,  we  have  CP, 
PD,  and  angle  CPD.;  to  find  the  angle  PCD^ 
then  we  have  the  angle  A.CD.  In  the  triangle 
ACS,  we  have  AC,  ACS,  CAS  ^  to  find  AS.  Lafl>. 
ly,  in  the  triangle  APS,  we  have  AP,  AS ;  and 
angle  PAS  •,  to  find  APS  the  difference  of  lon- 
gitude of  A  and  S,  and  PS  the  complement  of 
latitude  of  S. 

If  the  interferon  of  the.  lines,  or  the  place  of. 
the  comet  at  S,  be  out  of  the  figure^  the  calcu- 
lation will  be  much  the  fame. 

PROB.    XXXIX. 
Having  given   the  latitude  of  the  place ^  the  day  25^. 
end  hour  •,  and  the  latitude  and  longitude  of  a  ftar ; 
to  find  its  altitude  and  azimuth^  and  the  point  where 
the  vertical  circle  cuts  the  ecliptic,,   and  the  angle, 
they  make:. 

Let  HMPR  be  the  meridian,  HR  the  horizon^ 
2"  the  zenith,  DEQ  the  equinoctial,  P  the  pole, 
MAC  the  ecliptic,  ZFS  a  vertical  circle,  PSB  an, 
hour  circle. 

From  the  latitude  and  longitude  of  the  ftar^  the 
fight  afcenfion  and  declination  will  be  found,,  by 
Prob.  XXXIII.  and  the  day  being  given,  the  fun's 
right  afcenfioa  is  given.  Whence  there  will  be 
had  the  difference  of  right  afcenfions  of  the  fun 
and  ftar,  or  the  arch  of  the  equinoctial  contained 
between,  their  meridians.  And  the  hour  being  given, 
there  will  be  given  the  arch  of  the  equinoctial  con- 
tained between  the  meridian  of  the  fun,  and  the 
meridian  of  the  place  PZD.  Hence  by  addition 
or  fubtraction,  the  arch  of  the  equinoctial  between.;, 
the  meridian  of  the  ftar,  and  that  of  the  placq^ 
i$:  had  which  is  DB,  or  angle  DPB. 

G  4  There-- 
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Fig.  Therefore  in  the  triangle  PZS,  there  are  given 
25.  the  fides  PZ,  PS,  and  angle  ZPS  :  PS  being  the 
complement  of  the  declination  of  the  ftar.  Whence 
will  be  found  ZS  the  complement  of  the  altitude, 
and  the  angle  PZS  or  the  azimuth,  equal  to  the 
arch  FR  -,  then  fince  OR  is  a  quadrant,  FO  will  be 
known,  or  the  azimuth  from  the  eaft. 

Again,  FO  is  known,  and  AO  will  be  found  by 
the  laft  Prob.  therefore  AF  is  known  •,  alfo  the  an- 
gle OAG  may  be  found  by  the  laft  Prob.  There- 
fore in  the  right  angled  triangle  AFG,  the  fide  AF 
and  angle  FAG  are  known  ;  to  find  the  angle  FGA, 
the  interfe&ion  of  the  ecliptic  and  vertical  circle ; 
and  AG  the  diftance  of  the  interfe&ion  from  A. 

Or  elfe  find  MH  and  angle  AMH  by  the  laft 
Prob.  Then  in  the  triangle  ZGM,  there  are  given 
the  angle  MZG  the  fupplement  of  FR,  the  angle 
ZMG  the  fupplement  of  AMH,  and  the  fide  MZ 
the  complement  of  HM ;  to  find  the  angle  MGZ 
made  by  the  ecliptic  and  vertical ;  and  MG  the  dif- 
tance of  the  point  of  interfe&ion  G  from  M  ;  and 
laftly  ZG,  the  diftance  of  G  from  the  vertex  or 
zenith  Z. 

PROB.     LXL. 

To  eretl  a  fcheme  or  figure  of  the  heavens  for  any 
time  and  "place. 

25#  Let  HMRC  be  the  meridian,  HR  the  horizon, 
DQ  the  equator,  MAC  the  ecliptic.  Having 
found  the  point  of  the  ecliptic  M  that  culminates 
at  the  time  given,  by  Prob.  37,  and  D  its  right  af- 
cenfion.  To  the  right  afcenfion  of  D  add  30  de- 
grees continually,  or  in  the  equinoctial  DQ,  make 
DB,  BI,  IO,  &c.  each  equal  to  30  degrees,  quite 
round  ;  to  find  the  points  B,  I,  O,  T,  V,  &c. 
Thro'  thefe  points  draw  the  circles  of  pofition 
HBR,  HIR,  HTR,  HVR,  &c;  interfeding  the 

ecliptic 


J.J. 


,'.#~1-ti~5<>>  . 
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ecliptic  in  N,  K,  A,  L,  S.  TheiLthefe  points  are  Fig. 
called  cufps ;  A  is  the  cufp  of  the  firft  houfe,  L  2.6.„ 
that  of  the  fecond,  S  of  the  third,  C  of  the  fourth,. 
&c.  round  the  globe,  M  of  the  tenth,  N  of  the 
eleventh,  K  of  the  twelfth  houfe.  Then  to  find 
thefe  points  of  the  ecliptic,  or  the  cufps  of  the 
feveral  houfes ;  we  have  the  feveral  right  angled 
H  triangles  ADB,  ADI,  ADO,  &c.  and  the  oblique 
triangles  EBN,  EIK,  EOA,  ETL,  &c.  to  work 

In  the  right  angled  fphencal  triangle  HDB,  there 
is  given  DH  the  complement  of  latitude,  DB  an 
arch  of  30  degrees  ;  to  find  the  angle  DBH,  or 
angle  of  pofition  with  the  equator.  Likewife  in 
the  feveral  right  angled  triangles  HDI,  HDO, 
HDT,  &c.  there  is  given  in  each  of  them  the  fide 
HD,  and  in  the  refpective  triangles,  the  fides  DF, 
DO,  DT,  &c.  to  find  the  angles  of  pofition  at  I, 
O,  T,  &c. 

Again  in  the  oblique  triangle  EBN,  there  is  gi- 
ven the  fide  EB,  and  the  angle  of  pofition  EBN",. 
and  the  angle  BEN,  the  obliquity  of  the  ecliptic  ; 
to  find  EN,  the  diftance  from  the  equinoctial  point 
E.  In  like  manner  in  the  feveral  oblique  trian-. 
gles  EIK,  EOA,  ETL,  EVS,  &c.  there  is  given, 
refpe&ively,  the  fides  EI,  EC,  ET,  EV,  &c.  and 
the  angles  at  I,  O,  T,  V,  &c.  and  in  all  of  them 
the  angle  E.  Therefore  the  fides  EK,  EA,  EL, 
ES,  &c.  will  be  found.  And  from  hence  are  de- 
termined the  points  of  the  ecliptic,  in  which  the 
cufps  of  the  feveral  houfes  are  placed.  And  the 
cufps  on  the  oppofite  fide  of  the  globe,  will  be 
diametrically  oppofite  to  thefe,  Thus  the  7th  and 
lit,  the  8th  and  2d,  the  9th  and  3d,  the  10th  and 
4th,  the  nth  and  5th,  and  the  6th  and  12th  are 
oppofites.  The  firft  is  in  the  eait  part  of  the  hori- 
zon, and  is  called  the  ajcendant  or  horofcope,  or  the 
irient ;  the  fourth  is  in  the  meridian  below?  the  ie-.. 
G  4  ventb. 
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f  ip;.  venth  is  in  the  weft  part  of  the  horizon,  and  the 

26.  tenth  in  the  meridian  above.  And  thefe  are  the 
pofitions  of  the  twelve  houfes  at  that  given  moment 
of  time  But  they  continually  change  their  places 
in  the  ecliptic ;  for  different  parts  of  the  ecliptic 
are  always  coming  to  the  horizon,  and  to  the  me- 
ridian j  fince  in  24  hours  it  makes  a  whole  revolu- 
tion. 

PROB,     XLI. 

27.  Having  the  latitude  of  the  place ',  and  the  right  af- 
cenf.on  and  declination  of  a  ftar  ;  to  find  when  it  rifes. 
ccfmually  or  with  the  fun ;  and  likewife  when  it  fets 
cojmicall}',  that  is,  when  the  fun  rifes. 

Find  the  afcenfional  difference  as  in  Prob.  III. 
which  add  to  or  fubtract  from  the  right  afcenfion, 
according  as  it  has  fouth  or  north  declination,  and 
you  have  the  oblique  afcenfion. 

Let  HDR  be  the  meridian,  HR  the  horizon, 
DQ^the  equinoctial,  MAC  the  ecliptic,  S  the  ftar. 
Then  in  the  oblique  triangle  EOA,  there  is  given 
the  oblique  afcenfion  EO,  the  angle  EOA  the  fup- 
plement  of  DOH,  the  height  of  the  equinoctial,  or 
of  the  complement  of  the  latitude,  and  the  angle 
AEO  the  obliquity  of  the  ecliptic  -,  to  find  the  fide 
EA,  and  confequently  the  point  A  of  the  ecliptic, 
that  rifes  with  the  ftar.  Therefore  when  the  fun 
is  in  the  point  A  it  rifes  with  the  ftar.  Therefore 
find  on  what  day  the  fun  is  in  that  point  of  the  e- 
cliptic,  and  that  is  the  day  on  which  the  ftar  rifes 
cofmically. 

Again,  add  or  fubtract  the  afcenfional  difference 
to  or  from  the  right  afcenfion,  according  as  the  ftar 
has  north  or  fouth  declination,  for  the  oblique  def- 
cenfion  EO.  Then  in  the  oblique  triangle  EOA, 
there  is  given  EO,  and  angles  EOA,  OEA,  as 
before,  to  find  EA  i  and  A  is  the  point  fetting 

with 
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with  the  ftar.     And  therefore  the  point  oppofite  to  Fig« 
A  in  the  ecliptic  is  the  place  of  the  fun  when  he  280 
rifes  as  the  liar  fets.  And  by  finding  the  fun't  place 
at  that  time,  it  is  known  when  the  ftar  lets  coimi- 
sally. 

PROB.    XLII. 

Having  the  latitude  of  the  placey  and  the  right  af- 
cenfion  and  declination  of  a  'fiar^  to  find  when  it  rifes 
or  fets  acronically,  that  is,  at  fun  Jet. 

Find  the  point  of  the  ecliptic  A,  wherein  he  is,  27* 
when  the  ftar  rifes  cofmically,  by  the  lail  Prob. 
Then  it  it  is  plain  when  he  is  in  the  oppofite  point 
of  the  ecliptic,  he  fets  when  the  ftar  nles  -,  there- 
fore find  what  day  the  fun  is  in  that  point  of  the 
ecliptic,  and  that  is  the  day,  whereon  the  ftar  rifes 
acronically. 

Again,  find  by  the  laft  Prob.  the  place  the  fun  28. 
is  in  when  he  fets  with  the  ftar,  and  that  is   his 
place  when   the  ftar  fets  acronically.     Therefore 
find  when  he  is  in  that  point,  and  that  is  the  time 
when  the  ftar  fets  acronically. 

PROB.     XLIIL 

Given  the  latitude  of  a  place,  and  the  right  af- 
cenfion  and  declination  of  a  fiar  -,  to  find  the  helia- 
cal rifing  and  Jetting  thereof. 

Let  G  be  the  place  of  the  fun  when  the  ftar  at  27. 
S  rifes  heliacally ;  that  is,  when  it  can  firft  be  feen 
to  rife,  the  fun  being  fo  far  below  the  horizon,  as 
not  to  majce  it  inviiible  by  its  light.  Thro'  the 
zenith  Z,  draw  the  vertical  circle  ZIG,  then  in  a 
ftar  of  the  firft  magnitude,  IG  muft  be  12  de- 
grees, and  in  one  of  the  fecond  magnitude,  1 3; 
degrees,  and  the  moon  5  degrees.  Then  in  the 
right   angled  triangle   AIG,    there   is  given  IG, 

and 
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Fig.  and    the   angle    IAG  may    be    found  by   Prob. 

27.  XXXVII.  therefore  AG  will  be  had.  And  this 
added  to  EA  found  by  Prop.  XL.  gives  EG  the 
fun's  diftance  from  the  equinoctial  point  E  ;  and 
the  fun's  place  being  had,  the  time  becomes  known 
when  he  is  in  that  point,  and  confequently  when 
the  ftar  rifes  heliacally. 

28.  In  like  manner,  if  G  be  the  place  of  the  fun 
when  the  ftar  S  lets  heliacally,  or  will  not  be  affected 
by  the  fun's  light  when  fetting.  Then  AG,  found 
as  before,  fubtracted  from  the  place  of  the  fun, 
found  by  the  laft  Prob.  gives  the  fun's  place  at  G  -, 
and  from  thence  is  had  the  time  when  he  is  in  G, 
which  is  the  fame  as  when  the  ftar  is  at  S  or  fets 
heliacally. 

Cor.  A  ftar  becomes  invtfible  all  the  time  from 
his  heliacal  Jetting,  to  his  heliacal  rifing. 

For  all  this  while  it  is  too  near  the  fun,  and  up 
in  the  day  time. 

PROB.    XLIV. 

%&.      Given  the  latitude  of  the  place,  and  the  right  af- 
2y,  cenfion  and  declination  of  two  Jiars  A,  B ;  to  find 

the  time  when  they  will  both  be  upon  one  azimuth  j 

and  alfo  the  azimuth. 

Let  Z  be  the  zenith,  P  the  pole,  ZBA  their 
common  azimuth  circle  •,  PB,  PA  two  meridians. 

In  the  fpherical  triangle  APB,  there  is  given  the 
two  fides  AP,  BP,  and  the  included  angle  APB  -, 
to  find  the  angle  A  or  B.  Then  in  the  triangle 
ZPA,  there  are  given  the  fides  ZP,  AP,  and  an- 
gle A  ;  to  find  the  angle  ZPA,  or  the  time  of  A 
from  noon;  and  the  angle  PZA,  or  the  azimuth 
from  the  north.  Or  elfe  in  the  triangle  ZPB, 
there  is  given  the  fides  ZP,  BP,  and  angle  B ;  to. 

find. 
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find  the  angle  ZPB,  the  time  of  B  5  and  PZB,  the  Fig. 

azimuth.  86. 

87. 
Cor.  1.  In  the  fame  triangle  ZAP,  or  ZPB,  the 

altitude  Z  A  or  ZB  may  be  found ,  at  that  time. 

Cor.  2.  If  infiead  of  the  latitude,  the  altitude  ZA, 
cr  ZB  fo  £W«i ;  the  latitude  ZP  ^^j  fo  found,  in 
the  fame  triangle  ZPA,  cr  ZPB. 

P  R  O  B.     XLV. 

To  find  the  annual  variation  of  the  declination  g^- 
Mnd  right  afcenfion  of  a  Jlar.  g  / 

Eet  KL  be  the  equator,  B  its  pole,  GH  the 
ecliptic,  A  its  pole,  F  a  ftar,  which  in  a  year's 
time  comes  to  r.  Then  fince  the  latitude  never 
changes,  Ar  will  be  equal  to  AF.  Thro'  F  and 
r,  draw  the  circles  of  longitude  AFn,  Ard-t  and 
the  meridians  BF/>,  Brq,  and  draw  Fr,  Fs  perp.  to 
AF,  BF ;  whence  the  <Z  rFs  =.  <Z  AFB.  Then 
will  nd  be  the  variation  of  the  angle  A,  or  of  the 
longitude,  which  is  conftantly  the  fame  rz  50". 3  5  ; 
and  pq  is  the  variation  of  B,  or  of  the  right  afcen- 
fion ;  and  rs  is  the  variation  of  declination. 

By  fimilar  fectors  nd  :  Fr  :  :  rad  :  S.AF ;  and 
Fr  :  rs  :  :  rad  :  S.rFs  or  S.BFA.  Therefore,  nd 
(var.  A)  :  rs  (var.  BF)  :  :  rad1 :  S.AF  X  S.BFA. 

.    .        1            S.AF  X  S.BFA 
Whence  rs  or  variation  of  BF  ±£ rr X 

S.AB  X  S. ABF         7       S. AB  X  Cof.  CBF 

nd  -z -— ~  X  nd  — ——r,. X 


rad1 
nd,  where  AB  and  nd  are  given. 


rad1 


It  will  be  nd  :  Fr 
and  Fr  :  Fs 
and  Fs  :  pq 


Again, 

:  rad 
:  rad 
:  S.BF 


S.AF, 

S.Frs  or  Cof.  AFB, 

rad. 

there- 
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Fig.  therefore  ndipqi  :  rad  X  S.BF  :  S  AF  X  Cof.  AFB> 
84.  SAFxCof.  AFB 

85-  and  M  °r  Van  B  =        rad  X  S.BF        X  nd  = 
rad  X  Cof.  AFB  rad* 

S.BF  XS  AFB  Xrs-  S.BF  X  tan.  AFB  Xys  ~ 
Cotan.  AFB 

S.BF        X  rs' 

1.  Far  /£<?  iwr.  declination* 

To  the  conftant  log  1.30  408,  add  the  log.  eo- 
fine  of  the  ftar's  right  afcenfion  from  the  neareft 
equinoctial  point,  the  fum  (rejecting  10  for  radius) 
is  the  log    of  the  variation  in  declination 

In  the  1  ft  and  4th  quadrant  of  the  ecliptic,  the 
ftar  approaches  the  north  pole  B  j  in  the  2d  and 
3d  quadrants,  it  recedes  from  it. 

2.  For  the  var.  of  right  afcenfion. 

Firft,  to  find  the  angle  F,  fay  as  Cof.  lat.  of  the- 
ftar  (AF)  :  Cof.  its  right  afcenfion  (CBF)  :  :  S.AB 
(23°  29')  :  S.F.     Then, 

To  the  log.  cotangent  of  F,  add  the  log.  of  the 
variation  of  declination  (rs)  •,  and  from  the  fum, 
fubtract  the  log.  cofine  of  the  declination  of  the 
liar,  the  remainder  is  the  log.  of  the  variation  of 
right  afcenfion,  for  a  year. 

The  right  afcenfion  always  increafes,  except 
when  the  angle  F  is  obtufe,  which  happens  when, 
the  ftar  is  between  the  poles  of  the  equator  and 
ecliptic  ;  and  then  it  decreafes. 

Examp. 

For  the  ftar  alliqth,  whofe  right  afcenfion  is. 
i90°44/,  and  lat.  540  20',  and  declination  570  19.'. 

1.  Var*. 
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i.  Var.  declination.  84. 

Conftantlog.         —        —  1.302408  85. 

Cof.  io° ,44'         —        —  9-992334 

—  19^7^/=  var.  decl.       —  1.294742 

2.  For  right  afcenfion. 

Cof.  540  20'         —         —         9-7657^ 
Cof.  10  44        —        —  9-99233^ 

S.     23   29        —        —  9.600409 

19.592743 
S.F,  420  1  if  —        —        9.827024 

Cof.  F.  42  11        —        —      10.042769 
19",  76/       —        —      ■  —        1.294742 

11.337511 
Cof.  57  19  r-  —  9.732390 

4-  40",  §8         —         —         —    1.605121 
the  variation  of  right  afcenfion. 

PROB.     XLVI. 

To  find  the  hour  of  the  night,  by  the  circumpolar 
fiars. 

Find  the  fun's  right  afcenfion,  and  fubcract  it 
from  the  right  afcenfion  of  the  liar  given,  taken 
from  the  following  table  (Col.  2.) ;  the  remainder 
is  the  time  of  night,  when  that  flar  is  directly  un- 
der the  pole  ftar  •,  which  is  known  by  hanging  up 
a  line  and  plummet. 

Note,  The  edge  of  a  window  or  door  ftead, 
facing  the  north,  may  ferve  inftead  of  a  line  and 
plummet. 

If  the  ftar  you  obferve  happens  to  be  above  the 
pole,  add  1 2  hours  to  the  time. 

If  you  have  not  a  table  of  the  fun's  right  afcen- 
fion at  hand ;  you  may  make  a  Ihift  with  the  fol- 
lowing Ihort  table. 

A  Table 
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Fig. 

A  Table  of  circumsolar  Stars. 


Stars 

R.Afcenf. 

var. 

dif.R.A 

m        s 

Azimuth 

mag. 

h 

m        s 

s 

0 

/ 

11 

Allioth 

O 

43  53 

27 

0 

8 

0 

1 

14E 

2 

G.  Bear's  tail  "1 
andBenetnafch  J 

I 

27  05 

24 

II 

18 

1 

50 

26W 

2 

L.  Bear  Kocha" 

2 

32  31 

0 

19 

6' 

1 

S2 

28W 

2 

Dragon's  back 

4 

38  26 

20 

25 

30 

3 

34 

20W 

3 

Lyra 

6 

"  57 

20 

17 

8 

3 

21 

14W 

I 

Swan's      tail   \ 
Deneb               J 

8 

16  40 

20 

16 

1 

5i 

3 

2 

43W 

2 

Cepheus's  knee 

ii 

11  32 

23 

17 

40 

1 

25 

40W 

3 

Caffiopeia's  hyp 

12 

*?  37 

35 

0 

*J 

0 

2 

10VV 

2 

Perfeus's  fide  "1 
Algenib            J 

15 

19  30 

42 

II 

38 

1 

57 

48E 

2 

Capella 

i7 

16  50 

44 

17 

16 

3 

3 

47E 

1 

G.  Bear's  foot 

20 

53  45 

43 

20 

50 

3 

28 

10E 

3 

Lower  pointer 

22 

58  37 

37 

10 

56 

1 

34 

36E 

2 

The  firfl  column  is  the  names  of  the  liars  -,  the 
2d  is  the  liars  right  afcenfion  when  under  the  pole 
.liar;  the  3d  is  the  increafe  of  right  afcenfion  every 
10  years ;  the  4th  is  the  difference  of  time  between 
the  liars  being  under  the  pole,  and  under  the  pole 
liar ;  the  5th  is  the  azimuth  at  that  time  ;  and  the 
lail  is  the  magnitude.  This  Table  is  made  for  the 
middle  of  England. 

The  following  Table  is  a  Table  of  the  fun's 
right  afcenfion,  the  10th  day  of  every  month,  at  the 
following  midnight,  being  adapted  to  the  mean 
time  of  taking  obfervation  of  the  liars. 
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A  Table  of  the  fun's  right  afcenfion. 


95 

Fig. 


Months 

H. 

M. 

Jan.    10 

*9 

28 

Feb.   10 

21 

37 

Mar.  10 

23 

27 

Apr.  10 

I 

20 

May  10 

3 

J3 

June  10 

5 

*9 

July   10 

7 

23 

Aug.  10 

9 

24 

Sept.  10 

11 

*9 

Od.  10 

13 

7 

Nov.  10 

*5 

7     ' 

Dec.  10 

17 

14    1 

To  find  the  fun's  right  afcenfion  for  any  day, 
find  it  for  the  10th  day  of  the  month  propofed, 
and  add  or  fubtraa  fo  many  times  4  minutes,  as 
the  day  propofed  is  after  or  before  the  10th  day.  Or 

more  nearly,  4  —  ^  minutes,  for  every  day. 

Scholium. 

That  the  reader  may  have  an  idea  of  the  ftars 
to  be  obferved,  as  in  the  foregoing  table,  I  have 
here  given  a  map  of  the  principal  ftars  about  the 
north  pole,  as  follows. 


P  the  north  pole 

£  the  pole  of  the  ecliptic 

1  CalHopeia's  Chair 

2  Cafliopeia's  hip 

3  Caffiopeia's  foot 

4  Perfeus's  fide 

5  Capella 

6  Great  bear's  lip 

7  Great  bear's  foot 

8  Lower  pointer 

9  Allioth 


10  Great  bear's  tail 
ir  Little  bear 

12  Lair  joint-dragon 

13  Dragon's  back 

14  Dragon's  head 

15  Lyra 

16  Dragon's  belly 

17  Swan's  tail 

18  Cepheus's  left  fhouider 

19  Cepheus's1  knee 

20  Pole  Star. 

PROB, 
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tfo  find  the  aberration  of  the  fixed  fiars ;  caufed 
by  the  compound  motion  of  the  rays  of  light)  and  of 
the  earth  in  its  orbit. 

It  is  found  by  frequent  obfervations  of  the  eclipfes 
of  Jupiter's  Satellites,  that  light  is  about  8  minutes 
in  moving  from  the  fun  to  the  earth.  And  fince 
the  earth  defcribes  about  i  degree  (or  3600")  in  a 
day  (or  i44.om),  therefore  in  8  minutes,  it  will  de- 
fence 20",  in  its  orbit-,  and  therefore  the  velocity 
of  light,  is  to  the  velocity  of  the  earth  in  its  or- 
bit -,  as  radius  to  an  arch  of  20  feconds,  or   the 

.0002909 
third  part  of  a  minute,  that  is,  as  1  to  

or  .00009697,  or  as  10300  to  1.  That  is,  the  ve- 
locity of  light  is  10300  times  greater  than  the  ve- 
locity of  the  earth  in  its  orbit. 
Sc);  Now  if  AN  be  the  way  or  path  of  a  body  in 
free  fpace,  as  of  a  ray  of  light ;  its  apparent  way 
on  a  moveable  plane  will  be  different.  For  it  will 
be  that  which  is  made  by  the  refolution  of  the  two 
motions  of  the  body  and  plane.  Thus  if  AN  be 
defcribed  in  any  time  by  the  body,  and  NF  be  de- 
fcribed  by  (a  point  in)  the  plane,  in  the  fame  time. 
As  the  plane  moves  forward  in  direction  NF  or 
AB,  it  leaves  all  the  points  of  the  fixed  line  AN 
behind  it,  all  which  will  therefore  feem  to  move 
backwards  in  the  plane.  Therefore  make  ND  =: 
NF,  being  taken  backwards  or  contrary  to  the 
motion  of  the  plane  ;  and  the  body,  inftead  of 
going  to  N  in  free  fpace,  will  feem  to  go  to  D, 
in  the  fame  time,  upon  the  moveable  plane  ;  aid 
therefore  AD  will  be  the  apparent  padi  of  the 
body  in  that  plane 

It  will  be  the  very  fame  thing,  if  you  fuppofe 
the  plane  fixed,  and  die  body  to  have  the  plane's 

motion 
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motion  communicated  to  it,  in  a  contrary  direc-  Fig* 
tion,  fo  as  the  relative  motion  be  the  fame  as  be-  Sg. 
fore.  Thus  if  the  body  moves  from  B  to  A,  in 
the  fame  time  that  it  would  alfo  move  from  A  to 
N,  then  by  that  compound  motion  it  would  move 
along  the  diagonal  BN  of  the  parallelogram  whofe 
fides  are  BA,  AN,  and  in  the  fame  time. 

Therefore  rays  of  light  emitted  from  the  ftar  in 
direction  AN,  will  fall  upon  the  point  D  of  the 
moving  plane  ;  and  therefore  will  fall  upon  the  eye 
of  the  obferver,  in  the  direction  AD.  And  there- 
fore an  oblerver  at  D  will  fuppofe  the  ftar  fituated 
in  the  line  DA.  And  confequently,  if  BN  be  pa- 
rallel to  AD,  and  the  point  D  tranflated  to  N  in 
the  faid  time  •,  an  obferver  at  N  will  fuppofe  the 
ftar  fituated  in  the  line  NB  ;  making  the  angle 
BNF  or  ADF  lefs  than  ANF,  the  angle  it  would 
appear  under,  if  the  plane  was  at  reft.  So  that 
the  angle  of  elevation  BNF,  above  the  line  of  di- 
rection NF,  of  the  obferver,  is  lefs  than  before, 
being  taken  on  the  fide  F,  towards  which  the  ob- 
ferver moves.  And  the  obferver,  inftead  of  feeing 
the  ftar  at  A  its  real  place,  will  fee  it  at  B  its  ap- 
parent place.  But  on  the  contrary,  if  the  obferver 
moves  from  F  to  N  and  D,  and  B  be  the  real  place  of 
the  ftar,  its  apparent  place  would  be  at  A,  to  an 
obferver  at  N. 

The  apparent  place  B  is  always  in  the  plane  of 
aberration,  drawn  thro'  the  way  of  the  obferver 
NF,  and  the  line  NA  drawn  from  the  obferver  to 
the  real  place  of  the  ftar  •,  for  AB  being  parallel 
to  NF,  is  in  the  plane  ADNF.  And  the  angle 
BNA  or  NAD  is  the  angle  of  aberration  j  by  ;he 
quantity  of  this  angle  the  ftar  is  deprefled,  in  going 
towards  it ;  or  raifed  in  going  from  it. 

Further  in  the  triangle  AND  j  it  is,  AN  :  ND  : : 
S.ADN  :  S.NAD  •,  but  AN  and  ND  being  given; 
the  S.NAD  the  aberration  will  be  as  the  S.ADN. 
H  But 
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Fig.      But  becaufe  AN  is    10300  times  greater  thart 

89.  ND  •,  therefore  the  S.NAD  does  not  differ  from  its 
arch  or  angle  •,  whence,  the  angle  of  aberration 
NAD  or  ANB  is  always  as  the  fine  of  the  angle  of 
the  earth's  way,  ADN  or  ANF.  And  hence  the 
angle  of  aberration  ANB  is  greateft,  when  AN  is 
perp.  to  ND  j  and  becomes  nothing,,  when  ANF 
is  nothing. 

Since  AN  is  to  ND,  as  radius  to  20"  •,  therefore 
when  AN  is  perp.  to  ND,  the  angle  NAD  or 
ANB  will  be  20",  which  is  the  greateft  it  can  be. 
In  other  cafes  it  will  be,  as  radius  to  S.  angle  of  the 
earth's  way  ANF  :  :  fo  0",  to  the  aberration,  an- 
iwering  to  that  angle  ;  which  angle  is  always  taken 
in  the  plane  of  aberration  ADNF. 

90.  Theie  things  premifed,  let  BCDE  be  the  earth's 
orbit,  S  the  fun,  A  or  Q_a  ftar  at  an  almoft  infi- 
nite diftance,  N  any  place  of  the  earth  in  its  orbit. 
Thro'  the  ftar  A  draw  the  circle  of  longitude  AH 
perp.  to  the  plane  of  the  ecliptic,  and  draw  KSBH, 
and  ESC  perp.  to  it,  or  parallel  to  the  tangent  at 
B.  Draw  the  tangent  N^,  and  draw  NI  towards 
the  ftar,  and  make  NI  to  N^  as  the  velocity  of 
light,  to  that  of  the  earth,  or  as  10300  to  I,  and 
draw  d\  which  leads  to  the  apparent  place  of  the 
liar ;  and  fuppofe  DA,  SA  parallel  to  d],  NI ; 
then.  DA  will  alfo  lead  to  the  apparent  place  of  the 
ftar.  Draw  SFG  perp.  to  SN,  or  parallel  to  Nd. 
Then  will  IN*/  be  the  plane  of  aberration.  This 
plane  continually  changes  its  fituaticn,  revolving 
round  the  fun  in  a  year  along  with  the  tangent  Nd. 
And  fince  AS,  SF  are  parallel  to  IN,  N/,  there- 
fore angle  ASF  is  equal  to  IN/,  and  therefore 
ASF  is  equal  to  the  angle  of  the  earth's  way.  Hence 
the  plane  ASF  may  be  taken  for  the  plane  of  a- 
berration,  which  continually  turns  round  the  line 
AS,  as  the  earth  revolves  about  the  fun ;  the  line 
SF  being  always  in  quadrature  with  the  earth  at  N. 

Let 
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Let  the  earth  be  at  E,  then  the  plane  of  aber-  Fig. 
ration  ASB  will  be  perpendicular  to  the  ecliptic ;  90. 
and  the  angle  of  the  earth's  way  ASB  is  the  leaft 
that  it  can  be,  and  therefore  the  angle  of  aberra- 
tion the  leaft.  Whilft  the  earth  moves  to  B,  the 
angle  of  the  earth's  way,  and  of  aberration  in- 
creafe ;  and  at  B  the  plane  of  aberration  is  ACS, 
and  the  angle  of  the  earth's  way  ASC  is  a  right  an- 
gle, which  is  the  greateft  it  can  be ;  therefore  the 
angle  of  aberration  is  the  greater!:  poffible.  Whilfl 
the  earth  moves  to  C,  the  angles  of  the  earth's  way 
and  aberration  decreafe  again,  and  at  C  are  the 
leaft.  And  in  moving  to  K  they  increafe  again  to 
K,  where  they  are  greateft.  And  from  K  to  E 
they  diminiih  again,  where  they  are  leaft. 

It  is  plain  then,  whilft  the  earth  is  at  E  moving 
towards  N,  the  ftar's  apparent  place  is  at  e  lower 
than  A  ;  at  B  moving  towards  F,  it  appears  at  b  for- 
ward. When  the  earth  is  at  C,  the  ftar  appears  at 
c  above  A.  And  when  the  earth  is  at  K,  the  ftar 
is  feen  at  k,  having  gone  backward. 

Hence  it  appears,  that  the  apparent  place  of  a 
ftar  defcribes  a  fmall  ellipfis  in  a  year,  about  the 
true  place  of  the  ftar  in  its  center,  whofe  tranfverfe 
axis  is  parallel  to  the  ecliptic  -,  and  leffer  axis  per- 
pendicular to  it.  This  ellipfis  is  hcke  anfwering  to 
the  places  of  the  earth  at  B,  C,  K,  E,  And  the 
points  b,  c,  k,  £,  anfwer  refpeclively  to  the  points 
C,  K,  E,  B,  where  the  plane  of  aberration  cuts 
the  ecliptic,  being  90  degrees  before  the  earth,  or 
90  degrees  behind  the  fun. 

To  find  the  angle  of  the  earth's  way  ASF,  when 
the  earth  is  at  any  place  N.  Draw  the  arch  AG  ; 
then  in  the  fphencal  triangle  AHG,  right  angled 
at  H  •,  we  have  the  ftar's  latitude  AH,  and  the 
fide  GH,  the  complement  of  the  angle  NSB  (NSB 
being  the  difference  of  longitude  of  the  earth  and 
ftar)  j  whence  by  Cafe  14th,  of  right  angled  fphe- 
H  2  rical 
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Fig.  rical  triangles,  the  hypothenufe  AG  will  be  had, 
90.  which  is  the  meafure  of  the  angle  ASG  or  ASF. 

And  finee  the  aberration  is  always  in  the  plane 
of  aberration  ;  therefore  when  the  earth  is  at  N,  the 
plane  ASG  is  the  plane  of  aberration,  and  the  a- 
berration  lies  in  the  arch  AG,  from  A  towards  G  •, 
but  the  contrary  way  when  the  earth  is  in  the 
point  of  the  ecliptic  oppofite  to  N.  And  therefore 
in  the  fame  triangle  AHG,  having  AH,  HG  by 
Cafe  13,  the  angle  GAH  is  had,  being  the  angle 
which  the  line  or  arch  of  aberration  makes  with 
the  circle  of  longitude  AH.  Hence  are  deduced 
the  following;  articles. 


o 


Cor.  1.  The  angle  of  aberration  (SAD),  to  an 
cbferver  at  N,  is  always  in  the  plane  ASF,  cut- 
ting the  ecliptic  at  F,  90  degrees  before  the  earthy  or 
behind  the  fun.  And  it  always  lies  from  A  towards 
that  way  the  earth  is  moving.  And  therefore  a  fiar 
appears  lower,  when  the  earth  moves  towards  it ;  and 
higher  when  it  moves  from  it. 

For  NF  is  a  quadrant  -,  and  when  the  earth  is 
moving  in  E,  the  aberration  lies  from  A  to  e ; 
when  the  earth  is  in  B,  it  lies  from  A  to  b.  When 
in  C,  it  lies  from  A  to  c.  And  when  in  K,  it  lies 
from  A  to  k. 

Cor.  2.  The  aberration  in  longitude  is  conjiantly 
id1  -,  and  alfo  20"  in  latitude,  at  the  pole  of  the  e- 
cliptic.  For  other  latitudes,  it  is  as  the  fine  of  the 
ftar's  latitude. 

Cor.  3.  If  a  ftar  was  placed  in  the  pole  of  the 
ecliptic,  it  would  appear  to  defcribe  a  fmall  circle 
round  the  pole,  in  a  year,  whofe  diameter  is  40".  And 
any  other  fiar  would  feem  to  defcribe  in  a  year,  a 
fmall  eliipfis,  whofe  greater  axis  is  40",  parallel  to  the 
ecliptic ;  and  the  lejfer  axis  perpendicular  to  it,  and 

lefs 
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lefs  than  the  other  in  the  ratio  of  radius  to  'the?  fine  Fig; 
of  the  Jlar's  latitude.  9^ 

Cor.  4.  When  the  Bar  is  in  the  fyziges,  that  is9 
in  conjunclion  or  oppojition  to  the  fun  ;  there  is  no  a- 
berration  in  latitude,  hut  the  greatefi  aberration  in 
longitude-. 

For  when  the  earth  is  at  B  and  K,  the  ftar  ap- 
pears at  b  and  k. 

Cor.  5.  When  the  far  is  in  the  quadratures,  with 
the  fun  -,  there  is  no  aberration  in  longitude,  but  the 
greatefi  aberration  in  latitude.  In  the  mean  places  it. 
partakes  of  both* 

For  when  the  earth  is  at  E  and-G,  the  ftar  ap- 
pears at  e  and  c+ 

Cor.  6.  Hence  the  aberration  of  a  given  far,  at  a 
given  time  of  the  year,  may  be  eafily  found. 

Find  the  difference  of  longitude  between  theftar 
and  the  earth  (or  fun),  at  that  time.  Then  fay,  as 
radius :  fine  of  that  difference  :  :  fo  the  cofine  of 
the  ftar's  latitude  :  cof  of  the  angle  of  the  earth's 
way,  which  being  found;  fay,  as  radius  :  S.  earth's 
way  :  :  fo  2C*  feconds  :  to  the  aberration  at  that, 
time. 

And  to  find  what  angle  it  makes  with  the  circle 
of  longitude  AH ;  fay,  as  fine  of  the  latitude 
(AH)  :  radius  :  :  tan.  diff.  longitude  (GH)  :  tan., 
angle  fought  (GAH). 

Cor.  7.  And  from  hence  the  aberration  in  latitude 
and  longitude  may  be  found. 

For  fince  the  fmall  arch  or  line  of  aberration, 
fuppofe  ho  lies  in  the  arch  AG,  and  the  angle 
HAG  is  known.  It  will  be,  as  radius  :  to  the 
whole  aberration  A<?  :  :  S.  angle  GAH  :  to  os  the 
aberration  in  the  parallel  of  A  :  :  and  fo  cof.  G  AH  : 
to  A*  the  aberration  in  latitude.  And  cof.  lat. 
H  3  AH  * 
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Fig.  AH  :  radius  :  :  fo  is  os  :  to  the  aberration  in  longi- 
oo.  tu<ie.     Whence,  cof.  AH  :  S.GAH  :  :  Ao  :  aber- 
ration in  longitude. 

Cor.  8.  Hence  alfo  the  aberration  in  right  ajcenfion 
and  declination  may  be  eafily  found. 
91.  Let  KQ  be  the  equinoctial,  P  its  pole,  CL  the 
ecliptic,  K  its  pole,  A  a  ftar,  KAH  a  circle  of 
longitude,  PAB  a  meridian.  In  the  right  angled 
fpherical  triangle  CBD,  it  will  be  (by  Cafe  8),  rad  : 

S.DCB  x  cof.  CB 
S.DCB  :  :  cof.  CB  :  cof.  D  = ^ ; 

and  in  the  triangle  AHD,  rad   :  S.DAH  :  :  cof. 

S.DAH  x  Cof.  AH 
AH  :  cof.  D  =: j^j Therefore 

S.DCB  X  cof.  CB  =  S.DAH  X  cof.  AH.  There- 
fore cof.  liar's  latitude  (AH)  :  cof.  of  its  right  af- 
cenfion  (CB)  :  :  fo  fine  of  the  obliquity  of  the 
ecliptic  (DCB)  :  S.  angle  DAH,  which  a  circle  of 
longitude  makes  with  a  meridian,  or  circle  of  right 
afcenfion,  at  the  ftar.  But  the  angle  GAH  is 
known  by  Cor.  6.  therefore  the  angle  DAG  is 
known,  being  the  fum  or  difference  of  DAH  and 
HAG.  Let  Ao  be  the  whole  aberration  ;  and  draw 
on  perp.  to  PB,  or  draw  the  parallel  of  declination 
nor.  In  the  triangle  Ano,  it  will  be,  as  rad  :  Ao 
the  whole  aberration  :  :  fo  the  S.nAo  :  to  no  the 
aberration  in  the  parallel  nr  :  :  and  fo  cof.  nAo  :  to 
An  the  aberration  in  declination.  Laftly,  cof.  de- 
clination (S.PAI  :  radius  :  :  fo  no  :  BF  the  aberra- 
tion in  right  afcenfion.  Whence  as  cof.  declination 
(AB)  :  S.DAG  :  :  Ao  :  BF  the  aberration  in  lon- 
gitude. 

Cor.  9.  The  apparent  latitude  of  a  ftar  will  be 
leafl  when  the  fun  is  900  before  the  ftar  •,  and  great  eft 
when  the  fun  is  50  degrees  behind  the  ftar.     Alfo  the 

apparent 
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'  apparent  longitude  will  be  leafty  when  the  fun  and  ft  ar  Fig. 
are  in  conjunction  ;  and  great  eft,  when  in  oppofition.     9 i* 

Cor.  10.  The  velocity  of  light  is  10300  times 
greater  than  the  velocity  of  the  earth  in  its  orbit. 

Cor.  1 1 .  This  aberration  by  the  motion  of  light,  is 
quite  different  from  the  parallax  of  the  annual  orb. 
For  by  this  latter,  the  parallax  in  longitude  is  great- 
eft  in  the  quadratures,  and  nothing  in  the  Jyziges. 
And  the  parallax  in  latitude  is  great  eft  in  the  fyziges? 
and  none  at  all  in  the  quadratures. 

Scholium. 

This  aberration  by  the  motion  of  light  will  alfa, 
affect  the  planets,  but  not  in  fo  regular  a  manner, 
by  reafon  they  are  not  far  from  us.  For  in  this 
cafe  we  cannot  make  ufe  of  the  plane  ADS.  But 
in  regard  to  the  plane  INd,  and  the  places  N,  and 
I,  of  the  earth  and  planet.  The  aberration  Nli 
will  be  the  fame  as  in  a  fixt  ftar,  in  the  fame  dir 
rection  NI. 

Dr.  Bradley,  who  found  out  this,  aberration-, 
found  out  another  fmall  motion  in  the  fixt  ftars.. 
This  motion  is  only  apparent  in  the  ftars,  but  is 
really  in  the  earth  ?  and  is  caufed  by  the  moon 
afting  upon  the  equatorial  parts  of  the  earth,  by 
which  means  the  pole  of  the  equinoctial  is  conti- 
nually changed,  and  caufed  to  defcribe  a  fmall 
circle  round  the  true  pole,  of  18  feconds  dia- 
meter, in  19  years,  or  the  time  of  revolution 
of  the  moon's  nodes.  By  this  means  the  places 
of  all  the  ftars  feem  to  be  changed  fo  much  in 
that  time.  And  this  motion  is  fuch,  that  the 
moving  pole  always  lies  between  the  mean  pole, 
and  the  90  degrees  of  the  moon's  orbit  on  that  fide 
the  equator,  and  is  9^  nearer  to  it  than  the  mean, 
pole..  And  the  moving  pole  and  this  90th  degree, 
H  4  or. 
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Fig.  or  higheft  point  of  the  orbit,  always  accompany 
91.  one  another  in  their  revolution.  I  have  calculated 
this  motion  in  my  book  of  Fluxions,  and  found 
the  diameter  of  the  little  circle  2  1  feconds.  They 
that  want  to  fee  it,  will  find  it  in  Cor.  3.  Prob. 
XXVI.  of  that  book. 

If  thefe  two  motions  arifing  from  the  aberration 
of  light,  and  the  mutation  of  the  earth's  axis, 
fhould  confpire  together  •,  they  will  produce  an  er- 
ror of  half  a  minute  in  the  places  of  the  ftars.  So 
that  it  is  no  wonder  if  the  places  of  the  ftars,  ta- 
ken at  different  times,  differ  from  one  another,  and 
from  their  mean  places,  which  mud  be  efteemed 
their  true  places.  But  from  what  has  been  here 
laid  down,  thefe  errors  may  at  any  time  be  correc- 
ted, and  their  true  places  found.  I  have  dwelt 
the  longer  on  this,  becaufe  it  is  abfolutely  neceffary 
to  have  correct  places  of  the  ftars ;  for  this  is  the 
very  ground  and  bafis  of  all  aftronomy. 


SECT.' 
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SECT.     III. 


The  Ufe  of  the  Globes  in  Aftronomy  \ 
and  the  Solution  of  the  principal  Pro* 
blems  of  the  Sphere  thereby. 


TH  E  folution  of  the  problems  of  the  fphere, 
by  trigonometry  as  delivered  in  the  laft  fec- 
tion,  being  oftentimes  intricate  and  tedious  •,  and 
as  there  are  not  many  people  who  will  be  at  the 
pains  to  learn  fpherical  trigonometry,  and  yet 
would  be  defirous  to  know  how  to  refolve  the 
common  problems  of  the  fphere.  Therefore  ma- 
thematicians have  contrived  two  globes,  the  celef- 
tial,  and  terreftrial  globes,  by  help  of  which,  thefe 
problems  may  be  refolved  mechanically,  pretty 
near  the  truth,  and  with  incredible  eafe  and  expe- 
dition. This  makes  the  practice  very  delightful, 
and  highly  inftructive,  efpecially  for  fuch  people 
as  have  not  had  time  to  be  fully  informed  of  the 
theory.  And  it  likewife  gives  a  better  notion  of 
the  circles  of  the  fphere,  and  the  ufes  thereof  in 
the  practice  of  aftronomy  •,  when  a  perfon  fees  how 
they  are  applied  in  the  folution  of  problems.  I 
fhall  therefore,  for  the  fake  of  the  learner,  give  the 
folution  of  feveral  problems,  efpecially  aftronomi- 
cal  ones,  by  help  of  the  globes,  after  I  have  given 
a  fhort  defcription  of  them.  Altho*  a  fight  of 
thefe  globes  will  at  once  give  a  better  idea  thereof, 
than  can  be  conveyed  by  a  multitude  of  words. 

A  Globe  is  made  perfectly  round,  of  paper  or 
fome  light  matter.  In  two  oppofite  points  of  it 
are  fixed  two  pins  or  wires,  upon  which  the  globe 
turns  round  ;  thefe  are  called  its  Poles.    And  thefe 

two 
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two  wires,  produced  thro*  the  center  of  the  globe, 
reprefent  its  axis.     Thefe  pins  or  wires  turn  round 
in  two  fmall  holes  made  in  a  brafs  circle,  which 
furrounds  the  globe  •,  this  circle  is  called  the  brafs 
Meridian.     Round  the  middle  of  the  globe,  equi- 
diftant  from  the  poles,  a  circle  is  drawn,  and  di- 
vided into  360  degrees,  this  is  called  the  Equinoc- 
tial.  There  is  alfo  another  great  circle  drawn  round 
the  globe,  and  interfering  the  equinoctial  in   an 
angle  of  23^-  degrees,  this  is   the  Ecliptic.     The 
brazen  meridian  is  divided  into  degrees  on  the  eaft 
fide,  and  one  half  is  numbered  both  ways  from 
the  equinoctial  to    the  two  poles,    and  the  other 
from  the  poles  to  the  equinoctial.     There  is  a  flat 
wooden  ring  goes  round  the  globe,  called  the  Ho- 
rizon, its  upper  plane  lies  even  with  the  center  of 
the  globe ;  on  this  are  feveral  circles  \  the  inner- 
moft  of  which  is  a  circle  of  degrees.     The  next 
the  ecliptic  and  its  divifions,  with  a  circle  of  months 
and  days  •,  the  laft,  the  points  of  the  compafs.  This 
horizon  is  fupported  by  4  feet  •,  in  it  are  2  flits  to 
receive  the  brazen  meridian,  which  will  turn  about 
■within  them.     An  hour  circle  with  24  hours  on  it, 
is  fixed  to  the  brafs  meridian  at  the  north  pole ;  the 
hours  of  12  being  on  the  upper  and  lower  parts  of 
the.  meridian ;  and  an  index  goes  upon  the  wire, 
which  turns  round  as  the  globe  turns,  and  fhews 
the  hours.     There  is  a  quadrant  of  altitude,  this 
turns  round  at  the  zenith,  fixed  there  by  a  nut  and 
a  fcrew,  where  its  center  of  motion  is  j  it  is  divided 
into  90  degrees,  from  the  horizon.     There  is  a 
brafs  femicircle  called  the  Semicircle  of  Pofttion,  di- 
vided into  180  degrees,  whofe  ends  are  fixed  to 
the  north  and  fouth  points,  but  may  be  taken  oft, 
and  applied  as  there  is  occafion.     There  is  alfo  a 
mariner's  compafs  on  a  pedeftal  below  the  globe. 
The  tropics  and  polar  circles  are  drawn  upon  the 
globe.     The  equinoctial  and  ecliptic  are  divided 

into 
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into  360  degrees,  beginning  at  the  interfe&ion, 
where  the  ecliptic  running  eaftward,  draws  towards 
the  north  pole.  The  ecliptic  is  alfo  divided  into 
12  figns,  and  each  fign  into  30  degrees. 

Upon  the  furf  ace  of  the  terreftrial  globe,  are  def- 
cribed  all  the  countries  and  iflands  in  the  known 
world,  and  the  feas  adjoining ;  in  their  true  pro- 
portions and  fituations  as  the  places  lie ;  every 
place  having  its  proper  longitude  and  latitude  ;  to 
diftinguifh  which,  meridians  are  drawn  thro*  the 
poles  at  every  1 5  degrees  diftance  ;  and  parallels 
at  every  ten  degrees  diftance  from  the  equator. 
The  firft  meridian  ufed  to  be  drawn  thro'  the  ifle 
Ferro,  or  the  weftermoft  part  of  Africa. 

Upon  the  furface  of  the  celeftial  globe,  are 
drawn  the  ecliptic  and  its  parallels  at  10  degrees 
diftance -,  and  circles  of  longitude  thro'  the  poles 
of  the  ecliptic,  at  10  or  15  degrees  diftance  from 
one  another.  The  ecliptic  is  divided  into  1 2  figns, 
numbered  eaftward  from  the  interferon  of  it  with 
the  equator.  Upon  the  furface  of  this  globe  are 
drawn  all  the  conftellations  in  the  heavens ;  with 
all  the  ftars  belonging  to  each,  every  one  in  its 
proper  longitude,  latitude,  and  magnitude,  as 
they  are  in  the  heavens.  All  the  celeftial  bodies 
being  placed  upon  the  common  furface  of  the  globe, 
will  have  the  fame  appearance,  as  the  furface  of 
the  ftarry  heaven,  to  an  eye  placed  without  it. 

The  motions  peculiar  to  the  globes  are  thefe. 
The  pole  may  be  elevated  to  any  height,  by  turn- 
ing the  brafs  meridian  about,  within  the  notches 
of  the  horizon,  till  the  degrees  required  touch 
the  horizontal  plane.  Likewife  the  globe  may  be 
turned  round  upon  its  axis,  or  upon  the  two  poles  j 
till  it  revolves  thro'  any  number  of  degrees,  count- 
ed upon  the  equinoctial,  at  the  brafs  meridian. 
And  if  the  index  of  the  dial-plate  be  fet  to  12,  it 
will  move  along  witji  the  globe,  and  fhew  the  hours 

cor- 
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correfponding  to  that  motion.  By  help  of  the 
magnetic  needle,  the  globe  may  be  fet  north  and 
fouth,  having  proper  regard  to  the  variation.  The 
quadrant  of  altitude  fet  to  the  vertex,  or  any  other 
point,  is  moveable  round  about,  and  fo  may  be  ap- 
plied to  any  point  of  the  globe.  By  thefe  motions 
the  following  problems  arc  folved. 

P  R  O  B.     I. 

To  reftify  the  globe,  or  fet  it  in  the  fame  pq/ition  as 
the  earth  itfelf  is  in. 

Place  the  globe  level  upon  a  horizontal  plane ; 
and  by  the  help  of  the  box  and  compafs  fet  it  north 
and  fouth. 

In  north  latitude,  raife  the  north  pole  above  the 
horizon,  equal  to  the  latitude  of  the  place ;  which 
is  done  by  moving  the  brafs  meridian  along  the 
flits  in  the  horizon,  till  the  upper  edge  cut  the 
degrees  of  latitude  upon  the  meridian  ;  there  let  it 
reft.  If  you  are  in  fouth  latitude,  you  muft  raife 
the  fouth  pole  as  much. 

Reckon  your  latitude  from  the  equinoctial  to- 
wards the  elevated  pole,  and  that  point  is  the  ze- 
nith. There  fix  the  quadrant  of  altitude  with  the 
fcrew,  that  the  graduated  fide  may  be  clofe  to  that 
point. 

Turn  the  globe  about  its  axis,  till  the  place  you 
live  in  comes  under  the  brafs  meridian.  Then  the 
globe  is  in  the  fame  pofition  as  the  earth. 

Bring  the  fun's  place  in  the  ecliptic,  to  the  brafs 
meridian,  and  fet  the  hour  index  to  12  o'clock  at 
noon.  Then  the  globe  is  rectified  to  the  place  of 
the  fun  ;  and  is  in  the  fame  pofition  as  the  heavens, 
at  12  o'clock. 

PR  OB. 
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P  R  O  B.      II. 

7*0  find  the  place,  and  the  right  afcenfion  and  decli- 
nation of  the  fun,  for  any  time  given. 

Look  in  the  circle  of  months  and  days,  for  the 
time  given  •,  againft  it  in  the  ecliptic  circle,  you 
will  find  the  fun's  place.  Seek  his  place  in  the  eclip- 
tic upon  the  globe,  and  bring  it  to  the  brafs  meri- 
dian. Then  count  the  degrees  on  the  equator  from 
the  beginning  of  Aries  to  the  meridian,  and  that 
is  the  fun's  right  afcenfion.  Likewife  reckon  the 
degrees  of  the  brafs  meridian  between  the  equinoc- 
tial and  the  fun's  place ;  and  you  have  the  fun's 
declination ;  which  will  be  north  or  fouth,  accord- 
ing as  it  is  towards  the  north  or  fouth  pole. 

Cor.  If  the  globe  be  retlified  for  the  place,  the 
fun's  meridian  altitude  may  be  found. 

For  having  the  fun's  place,  count  the  degrees 
from  thence  to  the  horizon,  and  that  is  his  meri- 
dional height. 

PROB,      III. 

On  a  given  day,  to  find  the  time  of  fun-rife  and 
fun-fet,  the  fun's  oblique  afcenfion  and  defcenfion,  length 
of  day  and  night,  and  his  amplitude. 

Find  the  fun's  place  upon  the  horizon  for  the 
given  time,  and  feek  it  in  the  ecliptic  on  the 
globe.  And  the  globe  being  rectified  to  the  lati- 
tude, bring  the  fun's  place  on  the  ecliptic  to  the 
brafs  meridian.  The  globe  refting  there,  fet  the 
hour  index  to  1 2  o'clock.  Then  turn  the  globe 
about  eaftward  till  the  fun's  place  be  in  the  eaftern 
part  of  the  horizon,  and  the  index  will  point  the 
hour  of  fun-rife.  Alfo  if  the  globe  be  turned  the 
other  way,  till  the  fun's  place  be  in  the  weftem 
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horizon  ;  the  index  will  point  to  the  hour  of  fun- 
fetting. 

The  length  of  the  day  is  had  by  doubling  the 
time  of  fun-fet,  and  the  length  of  the  night  by 
doubling  the  time  of  fun-rife. 

When  the  place  of  the  fun  is  brought  to  the 
eaftern  horizon,  mark  what  degree  of  the  equinoc- 
tial is  alfo  in  the  eaftern  horizon ;  and  that  is  the 
fun's  oblique  afcenfion.  Alfo  the  fun's  place  be- 
ing brought  to  the  weftern  part  of  the  horizon ; 
the  degrees  of  the  equinoctial  cut  by  the  horizon, 
fhews  the  oblique  defcenfion  of  the  fun. 

Reckon  the  degrees  between  the  eaft  or  weft 
point  of  the  horizon,  to  the  fun's  place,  brought 
to  the  horizon ;  and  that  gives  the  eaftern  or  wef- 
tern amplitude ;  which  will  be  north  or  fouth, 
according  as  the  declination  is  north  or  fouth. 

Cor.  Hence  the  time  of  fun-rifing,  and  the  length 
of  the  longefi  day  may  be  found. 

For  if  the  ift  point  of  Cancer  be  brought  to 
the  horizon,  the  hour  index  will  point  to  the  hour 
of  fun-rifing,  from  whence  the  length  of  day  and 
night  may  be  found. 

P  R  O  B.      IV. 

Having  given  the  hour  of  the  day  at  one  ■place ;  t$ 
find  what  o'clock  it  is,  at  any  other  given  place. 

Bring  the  place  you  are  at  to  the  meridian ;  fet 
the  index  to  the  hour  given.  Then  turn  the 
globe  about  till  the  other  place  comes  to  the  me- 
ridian ;  and  the  hour  index  will  fhew  the  hour,  or 
what  o'clock  it  is  at  the  other  place. 

Cor.  The  difference  of  the  longitude  of  thefe  two 
places  may  then  be  found. 

For  if  the  difference  of  the  times  be  convert- 
ed 
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ed  into  degrees,  allowing  15  degrees  for  an  hour; 
the  refult  will  be  the  difference  of  longitude. 

P  R  O  B.     V. 

To  find  the  place  where  the  fun  is  vertical^  at  any 
given  time. 

The  time  being  given,  the  fun's  declination  is 
had  by  Prob.  II.  bring  the  place  where  you  live, 
to  the  meridian  ;  fet  the  index  to  the  given  hour  of 
the  day.  Then  turn  the  globe  about  till  the  index 
points  to  1-2  o'clock  at  noon.  Then  feek  the  de- 
clination on  the  meridian,  and  the  point  under  it, 
is  the  place  where  the  fun  is  in  the  zenith. 

Cor.  1.  Hence  all  the  places  where  the  fun  is  rifing 
cr  fetting  may  be  found. 

For  if  a  great  circle  be  fupj.pfed  to  be  defcribed 
at  90  degrees  diftance  from  the  place  found,  it 
will  be  the  circle  terminating  light  and  darknefs 
upon  the  earth.  And  then  the  fun  is  either  rifing 
or  fetting  in  all  the  places  in  this  circle. 

Cor.  2.  And  hence  may  be  found  all  the  places  where 
the  fun  is  rifing,  fetting,  culminating,  &c. 

For  if  the  globe  be  rectified  for  that  laft  place, 
the  fun  is  then  in  the  zenith ;  and  therefore  all  the 
upper  hemifphere  is  enlightened,  and  all  the  lower 
hemifphere  is  in  the  dark.  And  the  horizon  is  the 
boundary  of  light  and  darknefs,  and  all  the  places 
on  the  weft  fide  have  the  fun-rifing  ;  and  on  the 
eafl  fide  fetting.  To  thofe  in  the  parallel  of  1 8 
degrees  below  the  weftern  horizon,  the  day  is  break- 
ing, and  below  the  eaftern,  twilight  is  ending.  To 
thofe  under  the  upper  part  of  the  meridian,  it  is 
12  o'clock  at  noon.  And  to  thofe  under  the  lower 
part  of  the  meridian,  it  is  12  o'clock  at  night.  The 
twilight  is  in  all  thefe  places  between  the  horizon,. 

and 
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and  the  parallel  of  1 8  degrees  below  it.     And  all 
the  places  below  that,  have  dark  night. 

PROB.     VI. 

On  a  given  day,  to  find  the  time  of  day  break,  or 
the  end  of  the  evening  twilight,  for  a  given  place. 

The  time  being  given,  the  fun's  place  is  had  by 
the  circles  on  the  horizon.  Then  rectify  the  globe 
for  the  given  place,  and  bring  the  fun's  place  to 
the  meridian  ;  and  fet  the  hour  index  to  12  o'clock. 
Then  turn  the  globe  about  towards  the  eaft,  till 
the  fun's  place  be  1 8  degrees  below  the  eaftern  ho- 
rizon ;  or  which  is  the  fame  thing,  till  the  point 
oppofite  to  the  fun's  place,  be  elevated  1 8  degrees 
above  the  weftern  horizon  •,  which  may  be  known 
by  the  quadrant  of  a^itude  fixt  to  the  zenith.  This 
done,  the  index  will  fhew  the  hour  of  day  break. 

And  the  end  of  evening  twilight  is  found  by 
turning  the  globe  weftward  till  the  fun's  place  be 
18  degrees  below  the  weftern  horizon,  or  its  oppo- 
fite point  fo  much  above  the  eaftern.  Then  the 
index  fhews  the  time  when  this  happens. 

Cor.  1.  Hence  may  be  found  the  length  or  duration 
of  twilight. 

For  if  the  time  of  fun  rife  (found  by  Prob.  III.) 
be  fubtracled  from  the  time  of  day  break,  what 
remains  is  the  length  of  twilight. 
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Cor.  2.  During  that  part  of  fummer  when  the  fun*  s 
deprejfwn  is  not  fo  much  as  1 S  degrees  ;  twilight  con- 
tinues all  night,  or  there  is  no  dark  night. 
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P  R  O  B.    VII. 

The  place  of  the  fun  being  given;  to  fhew  at  once 
the  length  of  the  day,  and  nights  in  all  places  on  the 
earth. 

The  place  of  the  fun  being  given,  his  declina- 
tion is  found,  by  the  fecond  problem.  Then  if 
the  globe  be  fet  fo  as  that  the  north  pole  be  ele- 
vated above  the  horizon,  as  much  as  is  the  decli- 
nation. Then  the  fun  will  be  in  the  zenith ;  and 
the  horizon  will  be  the  circle  bounding  light  and 
darknefs.  Then  it  will  be  evident  to  view,  that 
all  the  parallels  of  declination  are  cut  by  the  hori- 
zon into  unequal  parts  •,  whereof  the  part  above 
the  horizon  is  illuminated  by  the  fun  •,  and  the 
part  under  it  is  in  darknefs.  But  the  upper  parts 
of  thefe  parallels  are  the  diurnal  arches,  and  fhew 
the  length  of  the  day ;  and  the  under  parts  are 
the  nocturnal  arches,  and  fhew  the  length  of  the 
nights  for  that  time  of  the  year. 

For  as  the  earth  turns  round,  a  place  fituated  in 
any  one  of  thefe  parallels,  will  be  fo  long  in  the  il- 
luminated arch,  as  is  the  length  of  it ;  and  fo  long 
in  the  dark  part,  as  the  length  of  the  dark  arch ; 
the  one  is  day  time  to  that  place  •,  and  the  other 
is  night.  And  all  places  in  the  weftern  part  of 
the  horizon,  will  have  the  fun-rifing  at  the  fame 
time ;  arid  all  places  in  the  eaftern  part  of  the  ho- 
rizon, will  have  him  fetting.  For  becaufe  the  fun 
ftands  ftill,  and  the  earth  revolves  towards  the  eaft, 
the  places  in  the  weftern  horizon  are  advancing 
towards  the  fun,  and  therefore  it  rifes  to  them. 
But  thofe  in  the  eaftern  part  are  leaving  the  fun, 
,and  therefore  it  fets  to  them. 

Take  any  particular  place  of  the  earth,  bring 
^  to  the  weftern  horizon,  and  fet  the  hour  index 
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to  12  ;  then  turn  the  globe  about  eaftward'till  the 
fame  place  comes  to  the  eaftern  horizon  ;  and  then 
the  index  will  (hew  the  length  of  the  day. 

Hence  it  will  appear  that  all  places,  fituated  in 
different  parallels  of  latitude,  have  their  days  of 
different  lengths,  being  longer  or  fhorter  in  pro- 
portion to  the  fegment  of  each  parallel,  that  is 
above  the  horizon.  Only  at  the  equinox  they  arc 
always  of  the  fame  length.  All  places  in  the  fame 
latitude,  have  their  days  of  the  fame  length  •,  but 
they  begin  fooner  or  later,  as  the  places  lie  more 
«aftward  or  weftward. 

Cor.  i .  Hence  if  the  pole  be  continually  elevated  to 
greater  altitudes,'  as  the  fun's  declination  grows  great- 
er ;  the  gradual  increafe  and  decreafe  of  the  days  will 
appear,  which  are  made  in  all  places  of  the  world ; 
according  as  greater  or  lejfer  fegments  of  the  parallels 
of  latitude  Jland  above  the  horizon. 

Cor.  2.  All  places  whofe  complement  of  latitude  is 
lefs  than  the  fun's  declination,  have  continual  day  j 
when  the  latitude  and  declination  are  both  one  way. 
But  they  have  continual  night,  if  the  latitude  and  de- 
clination lie  different  ways. 

P  R  O  B.    VIII. 

Any  particular  place  being  given  j  to  Jhew  at  once 
the  length  of  the  days  and  nights,  at  all  times  of  the 
year. 

Rectify  the  globe  according  to  the  latitude  of 
the  place  given  ;  then  the  parallels  of  declination 
between  the  two  tropics,  will  be  the  feveral  parallel 
circles  which  the  fun  feems  daily  to  defcribe.  Now 
it  is  plain,  whilfl  he  moves  flowly  along  the  eclip- 
tic, which  cuts  all  thefe  parallels ;  he  advances 
gradually  from  one  parallel  to  another,  till  he  comes 

at 
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at  laft  to  the  utmoft  which  is  the  tropic.  The  up- 
per parts  of  thefe  parallels,  orthofe  above  the  ho- 
rizon, are  his  diurnal  arches  j  and  the  parts  be- 
neath are  the  nocturnal  arches.  It  is  evident  then, 
as  the  fun  advances  towards  the  elevated  pole,  that 
the  upper  parts  of  thefe  parallels  grow  greater,  and 
confequently  that  the  days  grow  longer,  till  he 
comes  to  the  tropic*  where  the  days  are  longeft. 
Then  returning  back,  the  upper  fegments  conti- 
nually decreafe  till  he  come  to  the  equinoctial, 
which  is  bife&ed  by  the  horizon,  and  then  the  days 
and  nights  are  equal.  Proceeding  towards  the 
other  pole,  which  is  below  the  horizon,  the  upper 
parts  of  the  parallels  grow  lefs,  and  the  under  parts 
greater  •,  and  therefore  the  days  continually  fhorten, 
and  the  nights  grow  longer,  till  the  fun  comes  at 
the  other  tropic,  where  the  days  are  fhorteft,  and 
the  nights  longeft.  And  returning  back  again,  the 
days  again  increafe  in  the  fame  manner  as  they  de- 
creafed.  And  thus  the  feveral  feafons  of  the  year 
are  made  evident  to  the  fight.  How  the  length  of 
the  day  is  to  be  found,  when  the  fun  is  in  any  of 
thefe  parallels,  has  been  fhewn  before  at  Prob.  III. 

Cor.  i .  When  the  place  is  under  the  eqiiinoiliaU  the 
days  and  nights  are  equal  all  the  year  round. 

For  all  the  parallels  of  declination  are  bifected 
by  the  horizon. 

Cor.  2.  In  any  latitude,  the  days  in  Jummer  are 
equal  to  the  nights  in  winter,  when  the  fun  has  the 
fame  declination.  And  the  nights  in  fummer,  equal  id 
the  days  in  winter. 

Cor.  3.  If  the  place  be  under  the  polar  circle ;  the 
longeft  day  will  be  24  hours  long  ;  and  the  longeft  night 
the  fame. 

For  no  part  of  the  fun's  parallel  will  be  then  un- 
der the  horizon. 

I  2  Cor. 
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Cor.  4.  If  the  place  be  fituated  within  the  polar 
circle,  then  in  the  height  of  fummer  the  fun  nmer  fets 
for  a  confiderabie  time  ;  nor  does  he  rife  for  the  fame 
time,  in  the  depth  of  winter.  And  this  time  is  fo 
much  longer  as  the  'place  is  nearer  the  pole. 

Cor.  5.  If  the  place  be  under  the  pole ;  there  will 
be  but  one  day  and  night  thro'  the  whole  year. 

For  here  the  horizon  coincides  with  the  equinoc- 
tial ;  and  all  the  parallels,  on  the  fame  fide  of  the 
equinoctial,  are  above  the  horizon^  and  thofe  on 
the  other  fide  below  it. 

PROB.     IX. 

Given  the  latitude  of  the  place,  the  fun's  place  in 
the  ecliptic,  and  his  altitude  •,  to  find  the  hour  of  the 
day,  and  his  azimuth. 

Rectify  the  globe  to  the  latitude,  and  zenith, 
and  bring  the  fun's  place  to  the  meridian  ;  and  kt 
•the  hour  index  to  12  o'clock.  Then  turn  about 
the  globe  and  quadrant  of  altitude  till  the  fun's 
place  in  the  ecliptic  fall  upon  the  given  degree  of 
altitude.  Then  the  index  will  mew  the  hour.  And 
where  the  quadrant  of  altitude  cuts  the  horizon,  is 
the  azimuth. 

PROB.    X. 

-Given  the  latitude  of  the  place,  the  hour  of  the  day, 
•0.nd  the  fun's  place  in  the  ecliptic ;  to  find  the  fun's 
altitude  and  azimuth. 

Rectify  the  globe  for  the  latitude,  and  zenith ; 
and  bring  the  fun's  place  to  the  meridian,  and  fee 
the  hour  -index  to  12.  Then  turn  the  globe  about, 
till  the  index  point  to  the  given  hour.  There 
let  the  globe  reft  -,  and  turn  the  quadrant  of  alti- 
tude 
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trude about  till  it  falls  on  the  fun's  place,,  and  the 
point  where  it  cuts  it,  fhews  the  altitude.  And 
where  the  quadrant  cuts  the  horizon,  you. have  his 
azimuth  at  that  time,  reckoned  from  the  north. 

If  the  fun  is  below  the  horizon  ;  take  the  point 
of  the  ecliptic  directly  oppofite  to  the  fun's  place  ; 
and  find  his  altitude  and  azimuth,  as  if  the  fun  was 
there,  And  that  altitude  will  be  his  depreflion  be- 
low the  horizon  •,  and  the  azimuth  the  fame  from 
the  oppofite  point  of  the  horizon. 

And  if  the  azimuth  or  altitude  be  given,  the; 
hour  may  be  found  by  working  backwards., 

PRO  B.      XL 

Having  given  the  latitude  of  the  place,  the  fun% 
glace  in  the  ecliptic,  and  his  azimuth,  To  find  his 
altitude,  and  the  hour  of  the  day,. 

Rectify  the  globe  to  the  latitude,  and  zenith  ; 
and  fet  the  index  to  1 2  o'clock.  Then  turn  the 
quadrant  of  altitude  till  it  cut  the  horizon  in  the 
point  where  the  azimuth  is.  Then  turn  the  globe 
till  the  fun's  place  fall  upon  the  quadrant ;  then, 
the  graduated  edge  of  the  quadrant  will  fhew  the 
altitude,  and  the  index  will  point  to  the  hour; 

Likewife  if  the  latitude,  the  fun's  altitude  and, 
azimuth  be  given ;  his.  pkee  in  the  ecliptic  may 
be  found,  ana  the  hour,  by  working  backwards, 

P  R  OB.      XII. 

To  find  the  latitude  and  longitude  of  a  given  ftar. 

Bring  the  folftitial  coture  to  the  meridian*  and;; 
fix  the  quadrant  of  altitude  over  the  pole  of  the 
ecliptic.  Then  turn  about  the  quadrant  till  it  fall 
upon  the  given  ftar  •,  and  the  arch  of  the  quadrant 
comprehended  between  the  ftar  and  the  ecliptic^ 
I  3  k 
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is  the  latitude  of  the  ftar ;  and  the  degree  cut  oa 
the  ecliptic  by  the  quadrant,  will  be  the  ftar's  lon- 
gitude. 

If  the  latitude  and  longitude  of  a  ftar  be  given  ; 
the  place  of  the  ftar  upon  the  globe  may  be  found, 
by  working  backwards. 

The  diftance  of  two  ftars  may  be  found  on  the 
globe,  by  applying  the  quadrant  of  altitude  to 
both  the  ftars ;  and  reckoning  the  number  of  de- 
grees contained  between  them. 

PROB.     XIIL 

Tlo  find  the  right  afcenfion  and  declination  of  a 
given  ftar. 

Bring  the  ftar  to  the  meridian  •,  and  the  degrees 
of  the  equinoctial  reckoned  from  the  firft  point  of 
Aries  to  the  meridian,  is  the  ftar's  right  afcenfion. 
And  the  degrees  of  the  meridian  contained  be- 
tween the  ftar  and  the  equinoctial,  is  its  declination. 

Arid  if  the  right  afcenfion  and  declination  of  a 
ftar  be  given  •,  its  t  lace  on  the  globe  may  be  founda 
by  working  backwards. 

PROB.     XIV. 

Having  the  latitude  of  the  place,  and  the  day  of 
the  month ;  to  find  the  time  of  the  rijing,  fouthingy 
and  fetting  of  a  given  ftary  and  the  time  it  is  above 
ihe  horizon. 

Rectify  the  globe  for  the  latitude,  bring  the 
fun's  place  for  that  day  to  the  meridian ;  and  fet 
the  index  to  1 2  o'clock.  Turn  the  globe  round, 
till  the  ftar  comes  to  the  eaftern  horizon,  then  the 
index  will  fhew  the  time  of  rifing.  Turn  the  globe 
till  the  ftar  comes  to  the  meridian,  and  the  index 

will 
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will  fhew  the  time  of  its  fouthing,  or  when  it  cut-, 
ruinates.  Turn  the  globe  ftill  further,  till  the  ftar 
comes  to  the  weftern  horizon,  and  the  index  will 
fhew  the  time  of  the  liar's  fetting.  And;  the  dis- 
tance of  time  between  the  riling  and  fetting,  is, 
the  time  of  continuance  above  the  horizon, 

P  R  O  B,    XV. 

Having  the  latitude,  the  day  and  hour,  given  \  to^ 
jind  what  ftar  is  upon  the  meridian,  at  that  time.  Anfc 
the  contrary. 

Rectify  the  globe  to  the  latitude ;  find  the  fun's 
place  for  the  day,  and  bring  it  to  the  brafs  meri- 
dian, and  fet  the  hour  index  to  1 2  o'clock.  Then 
turn  the  globe  about,  till  the  index  points  to  the 
given  hour  ;  and  you  may  fee  what  ftars  are  in  or 
near  the  meridian  at  that  time. 

And  to  find  the  day  of  the  year,  any  ftar  will; 
be  upon  the  meridian,  at  a,  given  hour.  Bring 
the  ftar  to  the  meridian,,  and  let  the  index  to  the- 
hour  •,  and  turn  the  globe  till  the  index  points  to, 
1 2  at  noon  ;  and  the  meridian  will  cut  the  ecliptic- 
\n  the  fun's  place,  whence  the  day  will  be  found. 

F  R  O  B.     XVI. 

Having  the  latitude  of  the  place  •,  to  find  the  oblique- 
afcenfion  and  defcenfion,  the  afcenjjonal  difference.,  and: 
the  amplitude  of  a  given  ftar. 

Rectify  the  globe  to  the  latitude,  bring  the  ftar 
to  the  meridian,  and  fee  the  index  to  1 2  o'clock. 
Then  turn  the  globe,,  till  the  ftar  comes  to  the- 
eaftern  horizon  •,  and  the  degree  of  the  equinoc- 
tial, which  is  upon  the  horizon  at  that  time,  is  the- 
oblique  afcenfion,  and  the  diftance  of  that  point  of 
the  equinoctial  from  the  point  of  right,  afcenfion,, 
I  4  i% 
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is  the  afcenfional  difference  •,  and  the  ftar  being  in 
the  horizon,  its  diftance  then  from  the  eaft  point, 
is  the  eaftern  amplitude. 

Turn  the  globe  till  the  ftar  comes  to  the  weftern 
horizon,  the  diftance  thereof  from  the  weft  point 
is  the  weftern  amplitude.  And  the  point  where 
the  horizon  cuts  the  equinoctial  is  the  oblique  de- 
fcenfion. 

PROB.    XVII. 

Given  the  latitude  j  to  find  the  time  when  two 
known  Jiars  will  have  the  fame  azimuth,  and  to  find 
that  azimuth. 

Rectify  the  globe  for  the  latitude,  bring  the  fun's 
place  to  the  meridian,  and  fet  the  index  to  12. 
Then  turn  the  globe  round  with  one  hand,  and  the 
quadrant  about  the  zenith  with  the  other,  till  both 
the  ftars  fall  upon  the  edge  of  the  qu  drant ;  then 
the  index  will  point  to  the  time,  and  the  quadrant 
will  cut  the  horizon  in  the  azimuth  of  both  ftars. 

Cor.  If  loth  far  s  have  one  altitude ',  the  time  may 
be  found. 

Move  the  globe  fo,  that  the  fame  degree  of  the 
quadrant  will  pafs  thro'  both  the  ftars  •,  then  that 
degree  fhews  their  altitude  •,  and.  the  index  fhcws 
the  hour  when  that  happens. 

PROB.     XVIII. 

Having  the  latitude  of  the  place,  the  day  of  the 
month,  and  altitude  of  a  known  ftar  -,  to  find  the 
azimuth  and  hour  of  the  night. 

Rectify  the  globe  for  the  latitude,  and  zenith ; 
and  bring  the  fun's  place  to  the  meridian,  and  fet 
the  index  to  12.  Then  turn  the  globe  with  one 
hand,  and  the  quadrant  of  altitude  with  the  other, 

keeping 
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keeping  the  ftar  to  the  edge  of  the  quadrant; 
move  them  both  till  the  ftar  falls  upon  the  degree 
of  altitude  given.  Then  where  the  quadrant  meets 
with  the  horizon,  is  the  azimuth  of  the  ftar  j  and 
the  index  will  fhew  the  time  of  night. 

And  on  the  contrary,  when  the  time  is  givena 
the  altitude  may  be  found. 

PROB,    XIX. 

Having  given  the  latitude  of  the  place,  the  month 
and  day,  and  the  azimuth  of  a  known  ftar ;  to  find 
its  altitude,  and  the  hour  of  the  night. 

Having  rectified  the  globe  for  the  latitude  and 
zenith  •,  bring  the  fun's  place  to  the  meridian,  and 
fet  the  index  to  12  o'clock.  Turn  the  quadrant 
of  altitude  round,  till  it  cut  the  horizon  in  the 
given  azimuth ;  keep  it  there,  and  turn  the  globe 
about,  till  the  ftar  fall  upon  the  edge  of  the  qua- 
drant ;  then  the  degree  of  the  quadrant,  where  the 
ftar  is,  fhews  the  altitude  ;  and  the  index  will  point 
to  the  hour. 

And  by  the  converfe  of  this  problem,  if  the 
time  be  given,  the  azimuth  may  be  found. 

PROB.     XX. 

Having  the  latitude  and  longitude  of  any  planety 
to  find  the  time  of  its  rijing,  fouthing  and  fetting, 

Find  the  place  of  the  planet  upon  the  globe,  by 
Prob.  XII.  and  there  make  a  mark,  or  ftick  a 
fmall  patch.  Then  rectify  the  globe,  and  bring 
the  fun's  place  to  the  meridian,  and  fet  the  index 
to  1 2  at  noon.  ,  Then  turn  the  globe  about  till 
the  mark  or  patch  falls  on  the  eaftern  part  of  the 
horizon,  and  the  index  will  mew  the  hour  of  rif- 
ing  j  then  turn  the  globe,  till  the  mark  comes  to 

the 
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the  meridian,  and  the  index  mews  the  fouthing ; 
turn  the  globe  ftill  about,  till  the  mark  comes  to 
the  weftern  horizon  j  and  the  index  will  fhew  the 
fetting. 

P  R  O  B.    XXI. 

To  find  what  ftars  never  fet,  and  what  fiars  never 
rife,  in  a  place  whoje  latitude  is  given. 

Rectify  the  globe  to  the  latitude  of  the  place. 
Which  being  done,  turn  the  globe  round  •,  then 
fuch  ftars  as  never  defcend  below  the  horizon,  in  a 
whole  revolution  of  the  globe ;  thefe  never  fet  in 
that  latitude,  but  always  remain  above  the  horizon. 
Likewife  thefe  ftars  that  never  rife  above  the  wooden 
horizon,  in  an  entire  revolution  of  the  globe  ;  ne- 
ver rife  above  the  horizon  of  the  place. 

Thus  to  us  living  in  north  latitude,  the  ftars 
about  the  north  pole  never  fet,  and  the  ftars  about 
the  fouth  pole  never  rife  j  and  fo  they  are  never 
ieen  by  us. 

P  R  O  B.     XXII. 

To  find  the  time  of  the  cofmical  rifmg  or  fetting  of 
a  given  fiar,  at  a  given  place. 

Rectify  the  globe  for  the  latitude  of  the  place, 
then  turn  the  globe  about,  till  the  ftar  comes  to 
the  eaftern  part  of  the  horizon,  and  note  the  de- 
gree of  the  ecliptic  that  is  then  rifing  in  the  hori- 
zon. Look  for  that  degree  on  the  wooden  horizon^ 
in  the  circle  of  figns,  and  againft  it  in  the  circle  of 
months,  you'll  find  the  day  when  the  fun  is  in  that 
degree  of  the  ecliptic  s  and  confequently,  the  day 
when  the  ftar  rifes  cofmically. 

If  the  globe  be  turned,  till  the  ftar  comes  to 
the  weft  part  of  the  horizon  •,  the  degree  of  the  e- 
cliptic  which  is  then  rifing  in  the  eaftern  horizon  is 
the  fun's  place,    at  the  time  of  the  ftars  fetting. 

This 
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This  being  found  in  the  circle  of  degrees,  gives 
the  time  in  the  circle  of  months  when  this  happens  j, 
that  is,  when  the  ftar  fets  cofmically. 

P  R  O  B.    XXIIL 

In  a  given  place,  to  find  the  time  of  the  acronkal 
rifmg  and  Jetting  of  a  given  ftar. 

Rectify  the  globe  for  the  latitude  of  the  place  % 
then  turn  the  globe  about,  till  the  ftar  comes  to 
the  eaftern  fide  of  the  horizon,  then  the  degree  of 
the  ecliptic  fetting  in  the  weftern  horizon,  being 
found  in  the  circle  of  degrees  on  the  wooden  ho- 
rizon, gives  the  time  in  the  circle  of  months,  when 
the  fun-fets,  or  when  the  ftar  rifes  acronically. 

Likewife  turning  the  globe  about,  till  the  ftar 
comes  to  the  weftern  horizon-,  the  degree  of  the 
ecliptic  that  fets  with  the  ftar,  being  found  in  the 
circle  of  degrees,  gives  the  time  in  the  circle  of 
months  when  the  fun  fets,  or  when  the  ftar  fets 
acronically. 

P  R  O  B.     XXIV. 

In  any  given  place,  to  find  the  time  when  a  known 
Jiar  rifes  and  fets  heliacally. 

The  ftars  of  feveral  magnitudes  at  their  riling, 
require  the  fun  to  have  different  degrees  of  depref- 
fion  below  the  horizon,  as  follows. 

h,U,  *,  ?,  S,  D| 
11,10,11,  5,  10,  5. 


Magn.    1,    2,    3,    4,    5,    6 
Depref.  12, 13,  14, 15,16,  ij 

Rectify  the  globe  to  the  latitude,  and  turn  it 
about  till  the  given  ftar  comes  to  the  eaftern  fide  of 
the  horizon.  And  turn  the  quadrant  of  altitude  to 
the  eaft,  fo  that  it  may  cut  the  ecliptic  fo  many  de- 
grees below  the  horizon  as  its  magnitude  requires. 
But  if  the  quadrant  cannot  reach  fo  far,  turn  it  to 

the 
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the  weft  fide,  that  it  may  cut  the  ecliptic,  fo  ma- 
ny degrees  above  the  horizon  •,  note  that  point  of 
the  ecliptic  fo  cut,  and  take  the  point  oppofite  to  it 
in  the  ecliptic  •,  find  this  oppofite  point  in  the  cir- 
cle of  degrees,  and  againft  it,  in  the  circle  of 
months,  is  the  day  when  the  fun  is  fo  many  degrees 
below  the  eaftern  horizon,  when  the  ftar  rifes  ; 
and  that  is  the  time  of  the  ftar's  heliacal  rifing. 

Again,  bring  the  ftar  to  the  weft  part  of  the 
horizon  •,  and  turn  the  quadrant  to  the  eaft  fide, 
till  it  cuts  the  ecliptic  at  a  proper  number  of  de- 
grees above  the  horizon ;  take  the  point  oppofite 
to  this ;  and  find  it  in  the  circle  of  degrees  •,  and 
againft  it  in  the  circle  of  hours,  is  the  time  when 
the  fun  is  in  that  oppofite  point,  that  is,  when  the 
fun  is  fo  many  degrees  below  the  weftern  horizon, 
when  the  ftar  is  fetting  ;  and  then  the  ftar  fets  he- 
liacally. 

P  R  O  B.    XXV. 

21?  Jhrw  all  the  places  on  the  earth  where  the 
eclipfes  oj  Jupiter's  Satellites  are  vijible,  at  any  given 
time. 

Find  the  place  on  the  earth  where  the  fun  is 
vertical  at  the  time  of  an  eclipfe>by  Prob.  V.  bring 
that  place  to  the  zenith,  and  fet  the  index  to  12. 
Then  if  Jupiter  rifes  after  the  fun,  draw  a  line  on 
the  globe  along  the  eaftern  fide  of  the  horizon, 
with  a  black  lead  pencil.  This  line  paffesover  alt 
places  where  the  fun  is  then  fetting.  Turn  the 
globe  weftwards,  till  it  revolves  thro'  as  many  de- 
grees, as  is  the  difference  of  the  right  afcenfions 
of  the  fun  and  Jupiter ;  ftay  it  there  ;  then  bring 
Jupiter's  place  to  the  zenith,  keeping  the  globe 
from  revolving.  Then  draw  another  line  upon  the 
globe  along  the  eaftern  fide  of  the  horizon ;  then 
at  all  the  places  contained  in  the  fpace  between 

thefc 
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thefe  two  lines*  the  eclipfe  will  be  vifible.     And 
that  is  from  iun-fet  to  Jupiter's  letting. 

If  Jupiter  rifes  before  the  fun,  bring  the  place, 
where  the  fun  is  vertical,  to  the  zenith.  Draw  a 
line  on  the  weft  fide  of  the  globe,  by  the  weft  fide 
of  the  horizon.  Then  let  the  globe  revolve  eaft- 
wards,  thro*  an  arch  equal  to  the  difference  of 
right  afcenfions  ;  and  there  ftop  the  revolution,  and 
bring  Jupiter's  place  to  the  zenith.  Draw  another 
line  along  the  weftern  fide,  by  the  horizon.  Then 
the  fpace  between  thefe  two  lines  will  contain  all 
the  places  of  the  earth,  where  the  eclipfe  is  vifible, 
from  Jupiter's  rifing  to  fun  rife. 

PROB.     XXVI. 

To  find  all  the  cufps  of  the  celefiial  houfes  for  any 
given  place  and  time. 

Rectify  the  globe  according  to  the  latitude,  bring 
the  fun's  place  to  the  meridian,  and  fet  the  index 
to  12  o'clock.  Then  turn  the  globe  about,  till  the 
index  point  to  the  time  given.  Then  fix  the  femi- 
circle  of  pofition  to  the  meridian,  at  the  north  and 
fouth  points  of  the  horizon.  Then  from  the  fouth 
or  culminating  point  of  the  equator  count  30  and 
60  degrees  eaftward ;  bring  the  femicircle  to  thefe 
divifions,  and  where  it  cuts  the  ecliptic,  will  be 
the  cufps  of  the  nth  and  12th  houfes;  bring 
the  femicircle  to  the  weftern  fide,  and  reckon 
30  and  60  degrees  from  the  culminating  point,  on 
the  equinoctial ;  and  making  the  femicircle  to  pafs 
thro'  thefe  points;  where  it  interfefts  the  ecliptic, 
will  be  the  cufps  of  the  9th  and  8th  houfes.  And  the 
meridian  cuts  the  ecliptic  above  in  the  cufp  of  the 
10th  houfe,  and  below  in  the  cufp  of  the  4th  houfe. 
And  the  horizon  cuts  the  ecliptic,  on  the  eaft,  in 
the  cufp  of  the   ift  houfe;  and  on  the  weft,  in 

the 
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the  cufp  of  the  7th  houfe.  Laftly,  the  2d  and  3d 
are  oppofite  to  the  8th  and  9th,  and  the  5th  and 
6th  oppofite  to  the  nth  and  12th.  And  fo  the 
cufps  of  all  the  houfes  are  found,  which  muft  be 
fet  down  on  paper. 

P  R  O  B.    XXVII. 

To  reprefent  the  face  of  the  heavens,  or  to  Jhcm 
the  fituation  of  all  the  celeftial  bodies  for  any  time 
and  place  given. 

Rectify  the  globe  for  the  given  latitude,  find  the 
fun's  place  for  that  day,  and  bring  it  to  the  meri- 
dian, and  fet  the  hour  index  to  1 2  o'clock  ;  like* 
wife  place  the  globe  by  the  compafs,  that  the  me- 
ridian may  point  north  and  fouth.  Then  turn  the 
globe  about,  till  the  hour  index  point  to  the  given 
time  •,  then  the  globe  is  in  the  fame  fituation  as  the 
earth  and  heavens.  Therefore  the  globe  refting 
thus, 

All  ftars  in  the  eaftern  part  of  the  horizon  are 
rifing,  and  thofe  in  the  weftern  fide  are  fetting. 
All  ftars  under  the  brafs  meridian  are  fouth  or 
culminating,  and  juft  fo  they  are  in  the  heavens. 
All  ftars  on  the  eaft  of  the  brafs  meridian  on  the 
globe,  are  eaftward  in  the  heavens  ;  and  all  on  the 
weft  fide,  are  weftward  in  the  heavens.  The  quadrant 
of  altitude  laid  over  any  ftar,  fhews  its  altitude  and 
azimuth,  juft  as  it  is  in  the  heavens. 

If  the  fun  fhines  upon  the  globe,  it  will  illumi- 
nate it  juft  as  the  earth  is  illuminated.  And  right 
lines  drawn  from  the  center  of  the  globe  thro'  each 
ftar,  will  produced  pafs  thro'  the  real  ftars  which 
they  reprefent.  And  if  the  quadrant  of  altitude 
be  laid  over  any  ftars  on  the  globe,  its  plane  pro- 
duced will  pafs  thro'  the  fame  ftars  in  the  heavens. 
So  that  the  erlobe  in  this  pofition  is  a  true  picture 

of 
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of  the  heavens.  Thus  you  may  obferve  the  north 
ftar  and  great  bear  have  like  fituations.  That  the 
feven  ftars  on  the  globe,  and  in  the  heavens,  are  alike 
fituated.  The  like  for  Orion's  Girdle,  Caffiopeia, 
Syrius,  Lyra,  &c.  or  any  you  have  a  mind  to  ob- 
ferve. 

This  problem  is  very  ufeful  for  finding  out  the 
conftellations,  and  the  feveral  ftars  contained  in 
them;  by  obferving  how  they  lie  in  triangles, 
fquares,  or  right  lines,  in  reipect  of  one  another. 
By  this  means  one  may  foon  come  to  be  acquainted 
with  all  the  ftars  in  heaven. 


SECT, 


C  it*  1  I 

SECT.     IV, 

The  Determination  of  the  Magnitude 
and  Situation  of  the  Orbits  of  the 
Earth  and  Planets,  their  periodical 
Times  ;  the  Places  of  the  Stars  ;  and 
all  fuch  Ajlrono?nical  Matters  as  de- 
pend upon  Observations .  This  con- 
tains the  Elements  of  Aftronomy. 

DEFINITIONS. 

D  E  F.     I. 

Fig. '  I  tHE  Orbit  of  a  planet  N,  is  the  curve  line  or 
29.  jL  tracl:  it  defcribes  about  the  fun,  in  the  cen- 
ter of  force,  or  ABPDA.  This  tradl  or  path  of 
a  planet,  in  the  earth  and  all  the  planets,  is  an  el- 
lipfis ;  where  the  fun  at  S  is  placed  in  one  of  the 
foci. 

D  E  F.    II. 

The  Apfides  are  the  two  points  of  the  orbit  A  and 
P,  which  are  placed  at  the  ends  of  the  tranfverfe 
axis  AP,  which  is  called  the  line  of  the  apfides. 
The  point  A  which  is  furtheft  off  the  fun  is  called 
the  aphelion  or  the  higher  apfis.  The  point  P  which 
is  neareft  the  fun,  is  called  the  perihelion  or  lower 
apfis. 

D  E  F.     III. 

The  Excentricitr,  is  the  diftance  of  the  focus 
from  the  center,  SC.  This  is  very  little  in  all  the 
planets. 

DEF. 


Sed.  IV.    ELEMENTARY,    &c.  129 

Fig. 
DEF.    IV.  29. 

The  mean  diftance  of  a  planet,  is  the  line  SB, 
drawn  from  the  focus  S,  to  the  end  B  or  D  of  the 
conjugate  axis  BD.  This  line  SB  is  equal  to  half 
the  tranfverfe  axis  AC  or  CP. 

DEF.     V. 

The  periodical  time,  is  the  time  of  a  planet's  def- 
erring its  orbit ;  till  it  return  to  the  fame  point 
again,  where  it  begun. 

DEF.     VI. 

The  nodes  of  any  orbit,  are  the  points  where  its  go* 
plane  cuts  the  plane  of  the  earth's  orbit ;  fuppoling  o  1 , 
them  both  produced  to  the  fixt  ftars. 

For  aftronomers  fuppofe  the  orbit  of  the  earth, 
or  the  plane  of  the  ecliptic,  to  be  a  fixt  plane, 
to  which  the  planes  of  all  other  orbits  are  to  be  re- 
ferred, as  to  a  common  ftandard.  For  the  planets 
move  in  orbits,  whofe  planes  are  all  different  from 
that  of  the  earth,  and  from  one  another.  And 
the  fun  being  in  all  thefe  planes,  they  muft  cut 
one  another  in  lines  pafling  thro'  the  fun.  Thus  if 
ABG  be  the  earth's  orbit,  HFI  the  orbit  of  a  pla- 
net cutting  the  earth's  orbit  in  the  line  FG.  Then 
F  and  G  are  the  Nodes ;  and  FG  the  line  of  the 
Nodes. 

It  is  evident  the  orbits  of  the  planets  will  cut 
the  earth's  orbit  in  different  lines,  as  they  are  all 
in  different  planes.  Therefore  each  planet  will 
have  its  own  nodes,  and  line  of  the  nodes.  That 
node  thro'  which  the  planet  paffes  towards  the 
north  pole,  is  the  Afcending  Node  -,  and  that  thro* 
which  it  moves  towards  the  fouth  pole,  is  called, 
its  Defcending  Node. 

K  DEF. 
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Fig. 


D  E  F.      VII. 

The  inclination  of  a  planet's  orbit,  is  the  angle 
which  the  plane  of  it  makes  with  the  ecliptic,  as 
LGH.  This  is  meafured  by  the  arch  of  a  circle 
LH,  at  a  quadrant's  diftance  from  the  nodes. 

D  E  F.    VIII. 

Elongation  of  a  planet,  is  the  angle  between  the 
fun  and  the  planet,  taken  at  the  earth.  Or  the 
angle  between  the  fun  and  place  of  the  planet,  re- 
duced to  the  ecliptic. 

D  E  F.    IX. 

Parallax,  is  the  difference  between  the  real  and 
apparent  place  of  a  planet ;  or  when  it  is  feen 
from  the  center  of  the  earth,  and  from  fome  given 
point  in  its  furface.  And  the  annual  parallax,  or 
parallax  of  the  earth's  orbit,  is  the  difference  of 
the  places  of  a  liar,  feen  from  oppofite  points  of 
the  earth's  orbit. 

D  E  F.     X. 

The  moon's  apogee  and  perigee,  are  the  points 
where  the  moon  in  its  orbit,  is  furtheft  from,  and 
neareft  to  the  earth.  Thefe  anlwer  to  the  aphelion 
and  perihelion  of  a  planet. 

D  E  F.     XI. 

The  moon's  fynodic  revolution,  is  the  time  of  its 
revolution,  from  conjunction  to  conjunction  with 
the  fun. 

D  E  F.     XII. 

The  fyziges  of  the  moon's  orbit,  is  the  points 
where  a  line,  drawn  thro'  the  earth  and  fun,  cuts 
it.  Thefe  are  the  points  of  conjunction  and  oppo- 
sition. 

DEF. 
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Fig. 
D  E  F.    XIII. 

The  quadratures,  are  the  points  of  the  moon's 
orbit,  which  are  at  a  quadrant's  diftance  from  the 
fyziges,  or  from  the  conjunction  and  oppofition. 
And  the  oftants  are  in  the  middle  between  the  fy- 
ziges and  quadratures. 

The  matters  treated  of  in  this  fection,  are  fuch 
as  depend  merely  upon  obfervation,  or  of  chat 
and  a  little  geometrical  reafoning.  Which  things 
being  fettled,  are  a  foundation  for  all  calculations 
in  Aftronomy.  And  as  nothing  is  to  be  done 
without  knowing  the  latitude  of  a  place,  and  hav- 
ing a  meridian  line*  I  fhall  begin  with  finding 
thefe. 

P  R  O  B.      I. 

3*0  find  the  latitude  of  a  -place, 

1  Way. 

Take  a  quadrant,  the  larger  the  better ;  then  di-  o  aj 
re6t  it  to  the  pole  ftar,  and  take  its  altitude  when 
it  is  at  the  higheft,  which  is  known  by  continuing 
your  obfervations,  till  it  begin  to  defcend.  And 
about  12  hours  after,  take  the  altitude  of  it  when 
it  is  at  the  loweft,  as  before  for  the  higheft.  Then 
half  of  the  fum  of  thefe  two  altitudes,  is  the 
height  of  the  pole,  OP,  above  the  horizon  HO. 
And  that  is  the  latitude. 

For  if  EC  be  the  equinoctial,  HO  the  horizon, 
Z  the  zenith  -,  then  the  arch  EP  is  90  degrees,  and 
the  arch  ZO  is  90  degrees  alfo  •,  therefore  taking 
away  ZP,  the  arch  EZ,  or  the  latitude,  is  equal 
to  the  arch  PO,  or  the  height  of  the  pole. 

Inftead  of  the  pole  ftar,  any  other  will  do,  that 
is  out  of  the  power  of  refraction. 

K  2  zJFaf. 
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Flg#  2  Way. 

3  j.  Near  the  top  of  a  wall  or  of  a  poft,  put  in  a  pin 
B  •,  and  another  in  a  block  at  A,  near  the  earth, 
to  be  moved  back  and  forward  at  pleafure.  Then 
by  the  right  afcenfion  of  the  ftars,  find  by  a  table 
when  the  pole  liar  is  at  its  higheft.  When  that 
happens,  place  the  block  fo  that  the  pins  A  and 
B  may  be  in  a  direct  line  with  the  pole  flar.  If  it 
be  dark,  call  a  light  upon  A  and  B  with  a  candle. 
Let  it  reft  till  day  light.  Then  hang  a  line  and 
plummet  BD,  from  B,  in  a  vefiel  of  water  D,  to 
make  it  reft  fteady.  Then  take  a  long  rule,  and 
apply  one  end  to  A,  where  make  a  mark ;  and  at 
the  fame  time  apply  the  other  end  to  the  point  B, 
which  point  mark  alfo  on  the  ruler.  Again  apply 
the  firft  mark  to  A,  and  apply  the  rule  to  the  line 
BD,  at  C  its  neareft  diitance,  and  there  put  in  a 
pin.  So  you  have  the  hypothenufe  AB,  and  the 
bafe  AC,  let  out  on  your  rule.  Then  to  meafure 
them,  extend  a  thread  between  the  marks  on  the 
rule,  that  you  may  meafure  ftreight,  by  the  thread. 
Then  open  the  compafTes  to  6,  or  any  number  ot 
inches  exa<5t  •,  and  meafure  the  number  of  fpaces 
(or  lengths  of  6  inches)  from  A  to  B,  and  A  to  C 
on  the  rule,  keeping  clofe  by  the  thread  \  and 
what  remains,  take  off  with  another  pair  of  com- 
panies, and  apply  to  the  fcale ;  fo  you  have  the 
rneafures  of  the  hypotjienufe  and  bafe  in  inches. 

At  12  hours  diitance,  you  mult  repeat  the  fame 
■operation  quite -thro'.  Then  you  will  have  ano- 
ther hypothenufe  and  bafe.  Then  in  thefe  two  tri- 
angles, find  the  angle  A  at  the  bafe  of  each.  And 
half  the  fum  of  the  angles  is  the  latitude. 

Note,  this  muft  be  done  in  a  calm  place,  where 
there  is  nothing  to  difturb  the  experiment,  And 
the  longer  the  diitance  AB  is,  the  exacler  will  the 
work  be. 

Alft 
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Alfo  if  you  know  the  declination  of  the  pole:  Fig. 
liar  at  that  time,  you  need  but  find  one  triangle  33.. 
ABC.    For  if  the  liar  was,  at  the  highell,  you  have 
nothing  to  do  but  fubtract  the  complement  of  its 
declination  from  the  angle  at  A,  for  the  latitude ; 
or  add  it,,  if  the  liar  was  at  its  loweft.     > 

3  Wty>* 
If  the  fun's  declination  be  known  at  that  time-;  32* 
take  his  meridian  altitude,  which  you  may  know,  by 
continuing  the  obfervation  till  he  begins  to  defcend.. 
Then  if  the  declination  be  towards  the  elevated 
pole,  add  it  to  the  complement  of  the  altitude,, 
tor  the  latitude  of  the  place.  But  if  the  declina- 
tion be  contrary,  take  the  difference:  between  the 
declination  and  the  complement  of  the  altitude,  for 
the  latitude. 

Cor.  1.  The  height  of  the  pole  is  eojtal.tQ  the  lati- 
tude of  the  place-,  or  PO  zz  EZ. 

Cor.  2.  'The  height  of  the-  equinoctial  KHis  equal' 
to  the  complement  of  the  pole's  elevation  PO. 

For  EH  is  the  complement  of  E£,  or  its  equal: 
PO. 

F  R  O  B.     II. 

To  draw  a  meridian  line  in  any  place*  34, 

1  Way.. 
Upon  a  plain  board,  fet  parallel  to  the  horizon* 
defcribe  a  circle  ABF.  And  upon  the  center  C 
erect  a  ilile  or  gnomon,  exactly  perpendicular  to 
it,  and  fo  high,  that  the  top  of  the  lhadow  there- 
of may  fall  upon  the  circumference  of  the  circle 
about  the  middle  of  the  forenoon.  Mark  the  point 
B  exactly  where  the  top  of  the  lhadow  falls  in  the 
forenoon.  Likewife  mark  the  point  F  where  the 
top  of  the  lhadow  falls  again  on  the  circumference, 

K  3  m 
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Fig.  in  the  middle  of  the  afternoon.     Then  thro'  the* 
34..  center  C,  draw  the  line  A  CD  bifecting  the  arch 
BF.     Then  AD  is  the  meridian  required. 

It  will  be  proper  to  draw  feveral  concentric  cir- 
cles, and  to  make  obfervation  with  them  all,  that 
they  may  confirm  one  another.  And  if  the  fun 
happens  to  be  clouded  in  one,  it  may  anfwer  in 
another.  And  will  be  befb  to  make  the  obferva- 
tion about  the  folftices,  when  the  fun  does  not  al- 
ter his  declination  fenfibly.  And  the  fummer  fol- 
ftice  is  to  be  preferred. 

It  is  evident  the  fun  is  higheft  when  in  the  me- 
ridian •,  and  at  equal  diftances  therefrom,  has  equal 
altitudes.  Therefore  when  the  diftances  DB,  DF 
are  equal,  the  fhadows  CB,  CF  will  be  equal,  and 
therefore  the  altitudes  equal.    And  the  contrary. 

2  Way. 

'35.  Hang  up  two  threads  and  plummets  AB,  CD, 
at  a  good  diftance,  in  vefTels  of  water,  to  keep 
•  them  fteady  -,  of  which  CD  is  moveable  towards  the 
left  and  right,  upon  a  pin  C.  Wait  till  the  pole 
ftar  E,  and  the  ftar  Alliot  F  (in  the  great  bear's 
rump),  come  into  the  fame  plumb  line  AB,  to  an 
eye  placed  at  I.  At  that  inftant  (or  rather  before) 
move  the  thread  CD  alfo  into  the  fame  line  ;  fo  that 
the  thread  CD  may  hide  the  thread  AB,  and  the 
pole  ftar  E  from  the  eye  at  I.  Then  the  plane 
ABCD  is  the  plane  of  the  meridian  ;  and  where  it 
interfects  the  horizontal  plane,  is  the  meridian  line. 
And  the  fame  may  be  done  with  the  ftar  called 
Caffiopeia's  hip. 

Note,  to  take  away  the  ftars  rays,  look  thro'  a 
fmall  hole  in  a  thin  plate.  And  this  mult  be  per- 
formed in  a  calm  place. 
3"*  If  you  would  have  a  meridian  drawn  in  fome 
other  place,  let  the  threads  and  plummets  AB, 
CD,  remain  j  and  hang  up  two  others  ab,  cd,  in 

the 
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the  place  propofed,  letting  ab,  be  moveable  upon  Fig. 
a  pin  at  a.  Then  wait  till  any  ftar  as  G  comes  in-  36. 
to  the  plane  ABCD,  to  the  eye  at  H ;  and  at  that 
inftant,  move  the  thread  ab>  till  the  fame  liar  (J 
fall  in  the  plane  abed,  to  the  eye  at  h  -,  then  abed 
is  the  plane  of  the  meridian.  This  is  beft  done  by- 
help  of  an  affiftant. 

This  method  will  in  time  deviate  a  little  from  the 
truth,  occafioned  by  the  ftars  changing  their  places  j, 
feut  that  change  is  very  inconsiderable,  in  a  few  years.. 

3  Way. 

If  you  have  a  clock  with  minutes  and  feconds.' 
Find  the  northing  of  the  ftar  Allioth  F,  by  the 
aftronomical  tables ;  and  wait  till  you  find  the  pole 
ftar  E  and  F,  in  a  plumb  line.  At  that  inftantr 
let  your  clock  to  the  faid  time  of  northing.  And 
next  day  at  1 2  o'clock,  you  may  draw  a  meridian 
line,  by  the  fhadow  of  a  plumb  line  hung  in  the  fun. 
Or  you  may  find  the  time  of  fouthing  of  any  other 
ftar  G,  and  the  clock  remaining  as  before,  when 
ihe  Ihews  the  time  of  fouthing,  place  the  threads 
ab,  cd,  fo  that  the  line  Gh  may  pafs  thro'  them, 
both*  Then  abed  will  be  in  the  plane  of  the  me-- 
ridian. 

Scholium. 

If  any  one  is  defirous  to  know  how  much  the  37* 
azimuth  of  thefe  ftars  differs  from  the  north,  when 
in  a  perpendicular  line  •,  he  may  find  it  thus  by 
fpherical  trigonometry.  Let  Z  be  the  zenith,  P  the 
pole,  *  the  north  ftar,  and  S  any  other  known  ftar. 

Then  in  the  triangle  SP  * ,  there  are  given  two 
fides  SP,  P  * ,  and  the  included  angle  at  P,  to. 
find  the  angle  at  *  . 

Again,  in  the  triangle  ZP  *  ,  there  will  be  given 
two  fides  ZP,  P*,  and  an  oppofite  angle  at  #; 
to  find  the  other  oppofite  angle  PZ  * ,  the  azimuth. 
from  the  north,  as  required. 

§•  4  Audi 
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Ficr.      And  likewife   the  time  or  the  angle  ZP  *   or 
2j.  ZPS,  may  be  found.     And  thus  the  meridian  line 
may  be  corrected  at  pleafure. 

P  R  O  B.      III. 

To  find  the  obliquity  of  the  ecliptic. 

i   Way. 

Take  the  fun's  meridian  altitude  at  both  the  fol- 
ftices.  Subtract  the  leffer  from  the  greater,  and 
take  half  the  difference,  and  this  is  the  obliquity  of 
the  ecliptic.  This  is  iuppofing  the  fun  is  on  the 
fame  fide  of  the  zenith,  at  both  obfervations  ;  but 
if  it  lie  different  ways,  add  the  complements  of 
the  two  latitudes  together,  and  take  half  the  fum 
for  the  obliquity  of  the  ecliptic,  or  the  angle  it 
makes  with  the  equinoctial.  For  this  half  diffe- 
rence or  half  fum  is  the  meafure  of  that  angle.  If 
one  of  the  obfervations  be  made  when  the  fun  is 
low,  regard  muff  be  had  to  the  refraction,  and  that 
altitude  mult  be  diminifhed  as  much  as  the  refrac- 
tion comes  to. 

2  Way. 

If  you  have  the  latitude  of  the  place,  take  the 
meridian  height  of  the  fun  at  the  fummer  folftice, 
fubtract  the  complement  of  this  from  the  latitude 
of  the  place  ;  or  which  is  the  fame  thing,  fubtract 
the  height  of  the  equinoctial  from  this  meridian  al- 
titude ;  what  remains  is  the  fun's  greateit  declina- 
tion, or  the  obliquity  of  the  ecliptic. 

If  the  obfervation  happens  not  to  be  made  pre- 
cifely  when  the  fun  is  in  the  folftice ;  yet  that  makes 
no  fenfible  difference ;  for  if  the  moment  of  the  fol- 
ftice happens  to  be  at  midnight,  which  is  12  hours 
diftance,  yet  the  error  will  be  only  4  feconds. 

To  get  the  obliquity  of  the  ecliptic  with  fufficient 
exactnefs ;  obfervations  fhould  be  made  with  great 

care 
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care  every  year,  for  a  long  time,  and  with  large  Fig. 
and  accurate  inftruments.  By  comparing  the  ob- 
fervations  of  the  ancients  with  the  modern  ones,  it 
appears  that  the  obliquity  has  been  continually  de- 
creafing  ;  and  it  is  found  now  to  be  fcarce  23  de- 
grees 29  minutes. 

P  R  O  B.    IV. 

To  find  the  time  of  the  fun's  being  in  the  equator. 

Having  the  latitude  of  the  place,  and  confe- 
qnently  the  height  of  the  equator  ;  watch  carefully, 
and  make  obfervation  of  the  fun's  meridian  altitude, 
on  thefe  days  when  it  is  equal  to  the  height  of  the 
equator,  or  nearly  fo.  Then  if  it  happen  that  on 
any  day  at  noon,  the  obferved  meridian  altitude  is 
juft  equal  to  the  height  of  the  equator,  or  the  com- 
plement of  the  latitude  ;  then  the  fun  is  in  the  e- 
quator  that  day  at  noon.  But  if  it  is  greater  or 
lefler,  you  muit  obferve  another  day  either  before 
or  after ;  fo  that  on  one  day  the  meridian  altitude 
may  be  lefs,  and  the  day  after,  greater,  than  the 
height  of  the  equinoctial ;  or  alfo  that  on  the  firft 
day  it  may  be  greater,  and  on  the  next  day  lefs. 
Then  you  have  no  more  to  do,  but  to  divide  the 
time  between  them  (which  is  24  hours)  in  propor- 
tion to  that  excefs  and  defect ;  and  taking  the  time 
required,  nearer  to  the  time,  where  there  was  the 
leaft  difference  of  declination.  For  the  time  re- 
quired is  evidently  between  the  lines  of  the  two 
obfervations. 

By  alike  method,  the  time  may  be  found,  when 
both  the  altitudes  are  lefs,  or  both  greater  than 
the  height  of  the  equinoctial.  And  then  the  time 
of  the  equinox  will  be  after  or  before  both  the  ob- 
fervations. 

Care  rrruft  be  taken  that  the  refraction  be  allow- 
ed 
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Pig,  ed  both  in  the  meridian  altitudes,  and  in  the  height 
of  the  equinoctial ;  or  elfe  in  neither  of  them. 

P  R  O  B.    V. 

Ho  find  the  length  of  the  year. 

Find  the  time  of  the  fun's  entering  into  the  e- 
quator  by  the  laft  Prob.  either  at  the  vernal  or  au- 
tumnal equinox.  Again,  the  next  year,  find  in 
like  manner  the  time  01  his  entering  the  fame  equi- 
nox. Then  the  diftance  of  time  between  them  h 
the  length  of  the  year.  This  is  called  the  tropicd 
year,  becaufe  in  that  time  all  the  feafons  return  i- 
gain  in  the  fame  order  for  ever.  This  is  fomething 
lefs  than  the  fydereal  year ;  or  the  earth's  periodic 
time,  occafioned  by  the  precedion  of  the  equinoxes. 

But  fince  the  taking  two  years  which  fucceed  one 
another,  may  be  liable  to  fome  error,  and  there- 
fore not  exact  enough  •,  it  will  be  better  to  take 
two  fuch  equinoxes  as  are  at  the  greateft  diftance 
of  time  from  one  another ;  fo  that  the  error,  di- 
vided into  fo  many  parts  may  become  infenfible. 
Then  this  time  divided  by  the  number  of  years  or 
revolutions,  will  give  the  time  of  one.  By  this 
means  the  length  of  the  tropical  year  is  found  to 
be  365  days,  5  hours,  48  minutes,  $y  feconds. 

Cor.  i.  Hence  the  time  of  a  fydereal  year,  or  the 
earth's  periodic  time  may  be  found. 

For  this  is  the  time  of  (the  earth  or)  the  fun's  de- 
parting from  any  flar,  and  returning  to  the  fame 
again.  And  is  found  like  the  former,  by  taking 
the  time  between  leaving  any  flar  and  returning  to 
it  again,  for  a  great  many  years ;  and  dividing  it  by 
the  number  of  years,  gives  the  length  of  one  year. 

Or  it  may  be  found  by  comparing  the  place  of 
4  fixed  ftar,  where  it  was  many  years  fince,  with 

ks 
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its  prefent  place ;  and  from  thence  finding  the  an-  Fig. 
nual  preceflion  of  the  equinoxes.  This  arch  re- 
duced to  time,  and  added  to  the  tropical  year, 
gives  the  fydereal  year.  This  preceflion  of  the  equi- 
noxes is  found  to  be  50  feconds  yearly.  And  from 
thence  the  fydereal  year  is  ^S  days,  6  hours,  9 
minutes,  and  14  feconds. 

Cor.  2.  By  the  fame  rule,  may  the  time  between 
the  vernal  and  autumnal  equinox  be  found  •,  and  like" 
wife  between  the  autumnal  and  the  vernal  equinox- 

For  by  taking  the  times  between  two  iucceeding 
folftices,  as  directed  above,  it  appears  by  many 
obfervations,  that  the  time  from  the  vernal  to  the 
autumnal  equinox,  is  186  days,  12  hours,  29  mi- 
nutes, 30  feconds.  And  from  the  autumnal  to  the 
/^ernal  equinox  only  178  days,  17  hours,  19  mi- 
nutes, 30  feconds.  So  that  the  fummer  half  year, 
exceeds  the  winter  by  7  days,  19  hours,  and  10 
minutes, 

P  R  O  B.     VI. 

To  determine  the  time  of  either  folfiice.  -  _ 

Let  AD  reprefent  a  very  fmall  part  of  the  tro- 
pic, and  AL  a  like  part  of  the  ecliptic  ;  draw  AH 
perpendicular  to  AD.  Let  the  made  of  the  top 
of  a  tower  or  a  high  wall,  fall  upon  the  line  AH 
placed  north  and  fouth ;  and  let  the  extreme  points 
of  the  fhadow  be  obferved  three  times  about  the 
folftice,  or  within  5  or  6  days  thereof,  and  let  thefe 
points  be  accurately  marked,  in  the  line  AH.  Sup- 
pofe  thefe  points  of  the  fhadow  to  be  at  F,  G,  H. 
Draw  FI,  GK,  HL,  parallel  to  AD,  to  cut  the 
ecliptic  in  I,  K,  L ;  and  draw  IB,  KC,  LD  per- 
pendicular to  AD. 

Now  the  motion  of  the  fun  in  the  ecliptic,  about 
the  time  of  the  tropics,  is  very  near  equable  for  a 

few 
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]?jg.  few  days.  And  fince  the  part  of  the  curve  AL  is 
28.  very  fmall,  and  very  nearly  coincides  with  a  circle 
or  parabola ;  therefore  the  fubtenfes  BI,  CK,  DL, 
of  the  angle  of  contact  DAL,  are  as  the  fquares  of 
the  lines  AB,  AC,  AD.  For  this  is  the  property 
of  the  parabola. 

Therefore  fuppofe  A  to  be  the  point  of  the  tro- 
pic ;  then  BA  will  reprefent  the  time  of  moving 
thro'  IA,  CA  the  time  in  KA,  and  DA  the  time 
in  LA.  And  there  are  given  the  differences  of 
the  times  when  the  obfervations  were  made  •,  that 
is,  there  is  given  DC,  and  CB  and  DB  •,  and  alfo 
FG  and  FH.  Then  put  AB  =  x,  AF  or  BI  =y, 
DB  =  a,  CB  =  h  FH  =  c,  FG  =  d;  then  will 
AH  or  DL  =  c  +y9  AG  or  CK  =  d  +  y,  AC  z= 
b  +  x,  AD  =  a  -f  x.  Then  we  mail  have  BI  (y)  : 

CK  (d  +  y)  :  :  AB2  (xx)  :  AC4  (T+~x>)  Whence 
dxx  +  yxx  ~  bby  +  ^bxy  +  xxy>  and  dxx  zz.  bby 

dxx 
+  2%,  whence.?  1=  W+lTx 

Again,  BI  (j)  :  DL  (c  +  y)  :  :  AB*  (xx) :  ADa 

(a  ■+■  x  )  j  therefore  cxx  -f-  yxx  zz.  aay  +  2axy  -j- 


xxy,  and  cxx  —  aay  +  2tf*y,  whence^  — 


cxx 


aa  4-  lax 

dxx  c  d 

and  ; zz  77 — ; r*'  and 


bb  +  2&V  '  tf£    +    2tfX  ^  +   2^X 

multiplying,  bbc  +  2^<r#  —  aad  +  2^,v,  reduced 
*W  —  bbc 

x  —  —7 y   which  is  the  time  between  the 

ibc  —  2aa 

laft  obfervation  at  F  and  the  tropic,  which  here  is 
fuppofed  to  be  after  that  obfervation;  but  if  x 
come  out  negative,  then  the  tropic  will  happen 
before  the  obfervation  at  F.  And  if  G.  or  H  lie 
upward  from  F,  d  or  c  will  be  negative. 

To  make  thefe  obfervations  to  the  beft  advan- 
tage, the  top  of  the  building  that  calls  the  fhade, 

ihould 
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mould  be  very  ftreight  and  even,  fo  as  to  caft  a  Fig. 
true  fhade.  If  it  is  not,  fomething  may  be  placed  38. 
upon  it  that  will  do  it.  And  the  plane  ALH  on 
which  the  fhadow  falls,  mould  not  be  too  oblique 
to  the  fun's  rays.  And  becaufe  the  penumbra  is 
apt  to  confufe  the  fhadow,  fo  that  its  termination 
cannot  be  diftinctly  made  •,  therefore  it  will  be  pro- 
per to  tranfmit  the  fun's  light  thro'  a  folar  telefcope, 
and  then  the  limit  of  the  fhadow  will  be  exactly  had. 

Cor.  If  the  obfervations  are  made  at  times  eauidif- 

4d  —  c 

tant  \  then  x  = 3  b. 

ic  —  40 

For  then  BC  =z  CD,  or  b  =.  a  —  b,  and  a  ~ 

A.bbd  —  bbc 
2b ;  therefore  expunging  a,  x   =   2^  _  ^bd   = 

j\.bd  —  be 
Q.C  —  4^ 

P  R  O  B.     VII. 

To  find  the  excentricity  of  the  earth's  orbit?  and  its 
form. 

1  Way. 

If  the  motion  of  the  fun  be  obferved  in  the  e-. 
cliptic,  it  will  be  found  fometimes  to  move  flower 
and   fometimes   falter ;  and  fometimes  to  appear 
bigger  and  fometimes  lefs.     Therefore   make  feve- 
ral  obfervations,  when  he  is  about  the  aphelion,  ' 
and  take  his  apparent  diameter,  fo  often,  till  you 
find  it  the  leaft  pofTible.     At  half  a  year's  diftance, 
•when  he  is  about  the  perihelion,  oblerve  his  appa-- 
rent  diameter,  again  feveral  times,  till  you  find  it  at' 
its  greateft ;  thefe  diameters  muft  be  taken  very 
exactly . 

Then  thro'  any  point  S,  which  fuppofe  the  fo-^9* 
cus  of  the  orbit,  or  the  place  of  th<-  fun,  draw  a 
line  PSA,  and  from  S,  take  SP  to  S.A,  as  the  leaft 

apparent 
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Fig.  apparent  diameter  of  the  fun,  to  its  greateft ;  and 

39.  A  and  P  will  be  aphelion  and  perihelion  of  its  or- 
bit. Then  make  SC  and  CF  equal  to  half  the  dif- 
ference of  S A  and  SP ;  and  F  will  be  the  other 
focus,  and  C  the  center.  And  the  ellipfis  ABPD 
defcnbed  to  the  foci  S,  F,  will  be  the  form  of  the 
orbit.  For  the  diftance  is  reciprocally  as  the  appa- 
rent diameter. 

2  Way. 

Obferve  with  a  telefcope  and  micrometer  what 
the  apparent  motion  of  the  fun  is  when  flowed,  and 
(half  a  year  after)  how  much  the  apparent  mo- 
tion is  when  fwifteft.  Take  SA  to  SP,  as  the 
fquare  root  of  the  fwifteft  motion,  to  the  fquare 
root  of  the  flowed.  And  A  and  P  will  be  the  a- 
phelion  and  perihelion.  And  the  reft  will  be  found 
as  before. 

3  Way. 

40.  Suppofe  ADPB  the  earth's  orbit,  S  the  fun  in 
the  focus,  F  the  other  focus,  AP  the  line  of  the 
apfides.  t  -et  B,  C,  D  be  three  places  of  the  earth 
oblerved  in  the  ecliptic;  found  by  obferving  3 
places  of  tht  t  fun  which  are  oppofite  to  them.  With 
the  radius  FM  equal  to  AP,  and  center  F,  defcribe 
the  circle  1V.IRGY.  Draw  FBR,  FCZ,  FDY -,  and 
SB,  SC,  SI),  and  alfo  SR,  SZ,  SY.  Then  the 
angles  BSC  and  CSD  are  known,  being  meafured 
by  the  arche  s  of  the  ecliptic  But  the  angles  de- 
fcribed  abou  t  the  focus  F  are  nearly  proportional 
to  the  times,  and  the  periodic  time  of  the  earth  be- 
ing known,  by  Prob.  V.  the  angles  BFC,  CFD 
will  be  knov  m.  Now  fince  FB  -H  BR  or  FR  ~ 
AP  =  FB  ^  -  SB,  therefore  BR  =  SB,  and  the 
angle  BRS  :  -  angle  BSR,  and  FBS  =  2BSR. 
But  AFB  =2:  ASB  4-  FBS  =  ASB  -f-  2BSR, 
whence  2BSR  or  2FRS  =  AFB  —  ASB.  And 
by  the  fame  rea  .foning  2FZS  =  AFC  —  ASC.  And 

by 
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•by  adding,  2FRS  +  2FZS  xs  BFC  —  ESC.  Figi 
Therefore  the  fum  FRS  +  FZS  is  known,  fince  40. 
BFC  and  BSC  are  known.  But  FRS  —  RFA  — 
RSA,  and  FZS  =  ZFA  —  ZSA ;  then  by  addi- 
tion FRS  +  FZS  =  RFZ  —  RSZ  1=  a  known 
angle;  and  fince  RFZ  or  BFC  is  known,  RSZ 
will  be  known.  And  by  the  fame  reafoning  RSY 
will  be  known,  and  confequently  ZSY. 

Draw  the  lines  YSG,  GR,  and  RZ  and  ZG. 
Then  afiuming  ZS  any  number  as  1000 ;  in  the 
triangle  ZSG,  there  are  given  the  angles  ZSG, 
ZGS,  and  fide  ZS,  to  find  SG.  For  ZSG  zr  fup- 
plement  of  ZSY,  and  ZGS  =  £  ZFY.  Alfo  in 
the  triangle  SGR,  are  given  the  angle  RSG  (fuppl. 
RSY),  and  SGR  (^YFR),  and  fide  SG,  to  find 
SR.  Again  in  the  triangle  SZR,  tjiere  are  given 
SZ  and  SR  and  angle  ZSR,  to  find  the  fide  ZR, 
and  angle  SZR.  Alfo  in  the  triangle  ZFR,  there  is 
given,  angle  ZFR,  and  fide  ZR  •,  to  find  ZF,  which 
is  equal  to  AB,  the  greater  axis  of  the  orbit,  and 
angle  RZF.  This  fubtracted  from  RZS  leaves 
FZS  known.  Laftly,  in  the  triangle  FZS,  we  have 
FZ,  ZS  and  angle  FZS,  to  find  the  angle  ZSF 
which  fhews  the  pofition  of  the  apfides  ;  and  fide 
SF,  which  is  double  the  excentricity ;  whence  the 
orbit  is  eaiily  defcribed.  And  in  the  fame  triangle 
is  found  the  angle  ZFS,  and  CFA,  and  therefore 
AFB.  Whence  if  the  time  between  the  obferva- 
tions  at  B  and  C,  be  divided  in  proportion  to  the 
angles  BFA  and  AFC,  the  time  will  be  known 
when  the  earth  is  in  its  aphelion  at  A. 

Scholium. 

Becaufe  the  angles  AFC,  AFB,  &c.  are  not  ac- 
curately as  the  times.  The  place  of  the  earth  C 
at  any  time,  may  be  corrected  thus,  make  as  the 
leffer  axis  of  the  orbit  is  to  the  greater ;  fo  is  the 
tangent  of  the  angle  AFC,  to  the  tangent  of  an 

angle,. 
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Fig.  angle,  which  is  more  correct  for  the  place  of  C  \ 
40.  and  the  like  for  B.     But  in  the  2d  and  3d  qua- 
drants, or  in  the  arch  DPO,  the  angle  mull  be  di- 
minifhed. 

4  Way. 

a\.  The  periodic  time  of  the  earth  and  of  Mars  be- 
ing known.  Let  ABDE  be  the  earth's  orbit,  M 
the  planet  Mars.  Obferve  the  exact  time  when 
Mars  is  in  oppofition  to  the  fun,  the  earth  being  at 
A ;  then  the  place  of  Mars  muft  be  obferved. 
After  Mars  has  performed  his  period  (of  687  days), 
he  will  come  again  to  the  fame  place  at  M.  But 
the  earth  will  only  be  at  B  in  its  orbit,  from  whence, 
the  fun  will  be  obferved  in  the  line  BS,  and  Mars 
in  the  line  BM.  And  at  that  time  obferving  the 
places  of  the  fun  and  Mars,  all  the  angles  ol  the 
triangle  MBS  will  be  had  ;  and  fuppofing  MS  any 
number  as  1000,  the  fide  SB  may  be  found,  as 
alfo  the  angle  BSM.  Again,  when  Mars  has  finifh- 
ed  another  revolution,  and  the  earth  is  at  C  ;  the 
line  SC  may  be  found  the  fame  way,  as  alfo  the 
angle  CSM.  By  the  fame  method  when  Mars 
has  finiihed  a  third  revolution,  and  the  earth 
come  to  D,  the  line  SD,  and  angle  DSM  will  be 
found  the  fame  way.  Then  having  the  three  points 
B,  C,  D  ;  the  ellipfis  may  be  defcribed  by  Prop. 
LXXXV.  B.  I.  Conic  Sections.  Whence  the  tranf- 
verfe  axis  and  excentricity  will  be  had,  and  alfo  the 
place  of  the  aphelion  A,  and  perihelion  P. 

By  thefe  methods,  the  earth's  excentricity  is  found 
to  be  166;  fuppofing  the  mean  diftance,  or  half 
the  tranfverfe  axis  to  be  10000. 


PR  OB. 


Sett.  IV.       PROBLEMS. 


*4£ 
Fig. 


P  R  O  B.      VIII.  4o 

To  find  the  place  of  the  earth's  aphelion,  or  thepo- 
fition  of  the  apfides  -,  and  the  time  when  it  is  in  the 
aphelion, 

Obferve  two  places  of  the  fun  at  a  good  diftance 
from  one  another ;  where  the  apparent  motion  is 
the  fame,  or  where  the  apparent  magnitude  is  the 
fame.  Let  thefe  places  be  C  and  B.  Bifecl  the 
arch  BC,  by  the  line  AF.  Then  A  is  the  aphelion, 
if  the  magnitude  or  motion  was  decreafing  to- 
wards A  -,  otherwife  it  is  the  perihelion.  Whence 
the  place  of  the  aphelion  is  had ;  and  the  pofition 
of  the  apfides  AP.  And  if  the  times  be  noted 
when  the  earth  was  in  C  and  B  ;  the  time  in  the 
middle  between  them,  is  the  time  when  the  earth 
is  in  the  aphelion  A. 

2  Way. 

The  pofition  of  the  apfides  AP,  may  be  had  by 
either  the  3d  or  4th  method  of  the  laft  Prop,  and 
likewife  the  time  when  the  earth  is  in  the  aphelion. 

By  thefe  methods  the  earth's  aphelion  is  now 
found  to  be  when  the  funis  in  22  8  deg,  52  4-min. 

Scholium. 

Hence  by  comparing  the  place  of  the  aphelion 
at  prefent  with  its  place  feveral  years  fince,  its  mo- 
tion will  be  known  for  that  time.  Therefore  di- 
viding the  angle  of  motion,  it  has  defcribed  in 
that  time,  by  the  number  of  years,  the  quotient 
will  fhew  the  annual  motion  of  the  aphelion  ;  which 
is  little  more  than  a  minute  of  a  degree  in  a  year. 

Note,  the  time  of  the  earth's  moving  or  revolv- 
ing from  aphelion  to  aphelion,  is  called  the  anoma- 
lifiic  Tear. 

L  prob: 
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Fig. 

PROB,     IX. 

To  find  the  declination  of  a  Jlar. 

To  do  this  rightly,  the  obferver  ought  to  have 
a  large  quadrant  fixed  in  the  plane  of  the  meri- 
dian, with  an  index  moving  round  its  center,  fur- 
nifhed  with  telefcopic  fights.  Then  when  the  ftar 
comes  into  the  plane  of  the  meridian,  take  its  me- 
ridian altitude,  and  if  the  ftar  be  towards  the  equi- 
noctial, and  on  the  north  fide  of  it,  fubtract  the 
height  of  the  equinoctial,  and  that  of  the  ftar  from 
one  another,  and  the  remainder  is  the  north  decli- 
nation. But  if  the  ftar  is  on  the  fouth  fide  of  the 
equinoctial  -t  then  the  remainder  is  its  declination 
fouth. 

Again,  if  the  ftar  be  towards  the  pole,  take  the 
difference  between  its  height,  and  the  height  of  the 
pole,  and  that  is  the  complement  of  the  ftar's  de- 
clination north,  if  it  is  the  north  pole  j  and  fouth 
if  it  be  the  fouth  pole. 

PROB.     X. 

'To  find  the  right  afcenfion  of  a  Jlar. 

i  Way. 

Having  a  good  pendulum  clock  with  minutes 
and  feconds.  Let  the  clock  be  fo  adjufted,  that 
the  hand  may  go  thro'  the  24  hours  in  a  fydereal 
day,  or  in  the  time  that  a  ftar  leaves  the  meridian 
and  comes  to  it  again  ;  which  is  fomething  lefs  than 
a  natural  day,  and  is  23  hours,  56  minutes,  4  fe- 
conds. Then  obferve  when  the  fun  is  in  the  meri- 
dian, and  let  the  clock,  at  that  inftant,  to  the  time 
of  the  fun's  right  afcenfion,  computed  by  Prob.  J. 
Sect.  U.  Then  obferve  when  the  ftar  comes  to  the 

meridian, 
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meridian,  and  at  that  inftant  mark  the  time  fhewn  Fig. 
by  the  clock  ;  and  that  will  be  the  ftar's  right  af- 
cenfion  in  time. 

Or  you  may  fet  the  clock  to  12,  when  the  fun 
is  in  the  meridian ;  and  note  the  time  when  the 
ftar  comes  to  the  meridian  •,  and  add  this  time  to 
the  fun's  right  afcenfion  in  time ;  and  you  have  the 
ftar's  right  afcenfion  in  time. 

Then  the  right  afcenfion  in  degrees  may  be 
found,  by  allowing  15  degrees  for  an  hour,  and  1 
degree  for  4  minutes. 

2  Way. 

By  having  the  right  afcenfion  of  any  ftar ;  obferve 
when  that  ftar  comes  to  the  meridian,  and  then  fet 
the  clock  to  its  right  afcenfion.  Again,  obferve 
when  the  ftar  required  comes  to  the  meridian,  and 
note  the  time,  and  that  will  be  the  ftar's  right  af- 
cenfion in  time. 

Or  you  may  fet  the  clock  to  12,  when  the 
known  ftar  comes  to  the  meridian,  and  mark  the 
time  when  the  unknown  ftar  comes  to  the  meridi- 
an ;  and  that  time,  added  to  the  right  afcenfion  of 
the  known  ftar,  gives  the  right  afcenfion  of  the 
unknown  one. 

Cor.  1.  Hence  by  having  the  right  afcenfion  of  one 
ftar,  the  right  afcenfion  of  the  reft  may  be  found. 

Cor.  2.  Having  the  right  afcenfion  and  declination, 
of  any  ftar  •,  its  longitude  and  latitude  will  be  known,, 
This  is  calculated  by  Prob.  XXXII.  Se£t.  II. 

Cor.  3.  From  the  longitude  of  the  fame  ftar  at  dif-  - 
ferent  times,  the  apparent  motion  of  the  fixed  ftars 
may  be  found ;  or  the  preceffion  of  the  equinoxes. 

Thus  comparing  the  places  of  the  fixt  ftars,  as 

defcribed  by  the  ancients,  with  their  places  at  pre- 

fent,  the  progreffive  motion  will  be  known,  which 

L  2  divided 
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Fig.  divided  by  the  number  of  years,  will  give  the  mo- 
tion for  one  year,  which  is  50  feconds  of  a  degree: 

Cor.  4.  From  hence  the  longitude  of  any  ftar  being 
known  at  any  one  time,  its  longitude  may  be  found  at 
any  other  time. 

For  it  is  only  adding  fo  many  times  50"  as  is  the 
number  of  years  after ;  or  fubtracting  them  for 
preceding  years. 

Scholium. 

By  this  method  the  longitudes  and  latitudes  of 
all  the  fixt  ftars  are  found,  and  made  into  a  ca- 
talogue •,  which  being  once  eitablifhed,  and  fet  in 
their  proper  places,  ferve  for  fo  many  land-marks  for 
eftimating  the  places  and  diftances  of  all  other  ce- 
leftial  bodies.  If  there  were  no  ftars  to  reckon 
the  places  of  the  planets  by,  their  fituations  could 
never  be  known  •,  and  therefore  we  may  juftly  ac- 
count the  having  a  true  catalogue  of  the  ftars,  to 
be  the  bafis  of  all  aftronomy. 

P  R  O  B.      XI. 

To  find  the  periodic  time  of  a  planet. 

Let  the  planet  be  obferved  feveral  times,  till  at 
laft  it  have  no  latitude,  for  it  is  then  in  the  node  \ 
note  the  time  when  this  happens.  Alfo  let  it  be 
obferved  again  about  the  fame  place  of  its  orbit, 
and  mark  the  time  when  it  has  no  latitude,  and  it 
is  then  in  the  fame  node.  Then  the  time  between 
thefe  obfervations  is  the  periodic  time  of  the  planet. 

If,  inftead  of  one  period,  you  take  two  points 
of  time,  at  a  great  number  of  years  diftance  from 
one  another,  when  the  planet  was  in  the  fame 
node  \  and  divide  the  interval  of  time,  by  the  num- 
ber of  revolutions  j  the  periodic  time  will  be  ex- 
actly determined. 

For 
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For  the  orbit  of  any  planet,  being  out  of  the  Fig. 
plane  of  the  earth's  orbit,  the  planet  is  never  in 
that  plane,  but  when  it  is  in  the  nodes,  where  the 
planes  interfed;  and  therefore  it  is  in  the  fame 
node  only  once  in  every  revolution  ;  that  is,  when 
it  comes  to  the  fame  point  of  its  orbit. 

And  to  know  how  many  revolutions  there  has 
been  in  any  great  length  of  time,  that  there  may  not 
happen  a  miftake  of  ■  one  revolution;  it  will  be 
fuflicient  to  know  the  periodic  time  in  round 
numbers,  which  may  be  done  thus. 

Obferve  the  time  when  the  planet  is  in  oppofi- 
tion  to  the  fun,  and  likewife  the  time  when  he  is 
Jiext  in  oppofition  ;  then  having  its  place  at  both 
times,  there  is  had  the  arch  he  defcribes  in  the  time 
between  the  obfervations.  Then  it  will  be  as  that 
arch  to  the  whole  circumference ;  fo  the  time  elapf- 
ed,  to  the  periodic  time  ;  which  would  be  exact 
if  the  orbits  were  circles,  from  which  they  do  not  . 
differ  much. 

But  for  an  inferior  planet,  take  the  two  ob- 
fervations when  the  planet  begins  to  be  ftationary.. 
And  in  that  time  it  has  defcribed  its  whole  orbit, 
together  with  an  arch  or  angle  equal  to  what  the 
earth  has  defcribed  in  the  mean  time  ;  which  is 
known,  from  the  fun's  place  at  the  two  obferva- 
tions. Then  it  will  be,  as  the  whole  circumference 
+  that  angle,  to  the  time  elapfed;  fo  the  circum- 
ference, to  the  periodic  time,  nearly. 

P  R  O  B.      XII; 

?V  find  the.  nodes  of  a  plane fs  orbit  \  and.  the -pla- 
net's dijiance  from  the  fun  at  that  time. 

Let  ABD  be  the  earth's  orbit,  FNQ  that  of  the  42. 
planet,  S   the  fun,  NSQ^  the  line  of  the  nodes. 
This,  method  luppofes  that  the  places  and  diftances 
L  2  of 
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Fig.  of  the  earth  from  the  fun,  are  known  at  the  times 
42.  of  obfervation  ;  and  alfo  the  arch  of  the  ecliptic 
defcribed  in  that  time. 

Therefore  take  two  obfervations,  when  the  pla- 
net is  in  the  node  N ;  let  the  places  of  the  earth 
at  thefe  times  be  A  and  B.  Then  in  the  triangle 
ASB,  there  is  given  the  fides  BS,  AS,  and  included 
angle  ASB ;  to  find  the  fide  AB,  and  angles  at  A 
and  B.  And  the  angles  SAN  and  NBS  being 
known  by  obfervation,  we  (hall  have  the  angles 
NAB,  and  NBA.  Again,  in  the  triangle  ABN, 
there  are  given  the  angles,  and  the  fide  AB  •,  to 
find  NA  the  planet's  diltance  from  the  earth.  Laft- 
ly,  in  the  triangle  NAS,  we  have  the  fides  NA, 
AS,  and  the  angle  NAS  •,  to  find  NS  the  diflance 
of  the  planet  from  the  fun,  when  it  is  in  the  node 
at  N  •,  and  angle  ASN,  which  determines  the 
place  of  the  node ;  and  the  pofition  of  the  line  of 
the  nodes  NSQ.  This  calculation  will  be  the  fame 
for  an  inferior  planet,  mutatis  mutandis. 

Cor.  Hence  the  motion  of  the  nodes  of  a  -planet 
may  be  known,  by  comparing  their  prefent  places  with 
the  places  of  the  nodes,  found  cut  by  the  objervations 
if  the  ancients. 

P  R  O  B.     XIII. 

To  find  the  inclination  of  a  planet's  orbit. 

1  Way. 

Let  »PF  be  the  orbit  of  a  planet,  EQN  the 
earth's  orbit,  N»  the  line  of  the  nodes.  The  place 
of  the  nodes  of  the  planet  is  known  by  the  laft 
Prop,  and  therefore  the  time  will  be  known  when 
the  earth  is  in  one  of  the  nodes  at  N.  At  that 
time  let  the  planet  be  at  P.  From  P  let  fall  PO 
perpendicular  to  the  plane  of  the  ecliptic  aOL. 
And  when  the  earth  is  at  N  take  the  latitude  PO 

of 
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of  the  planet,  and  the  diftance  On  from  the  op-  Fig. 
pofite  node  n,  as  feen  from  the  earth  at  N.     Then  43. 
in  the  right  angled  fpherical  triangle  »PO,  there 
are  given  the  fides  #0,  and  OP  found  by  obferva- 
tion,  to  find  the  angle  P/zO  the  inclination  of  the 
orbit  required. 

For  draw  from  the  fun  at  S,  the  line  Sp  parallel 
to  NP,  and  po  parallel  to  PO,  and  draw  So,  which 
will  be  parallel  to  NO.  Therefore  the  triangles 
PNO,  pSo  will  be  fimilar.  Therefore  the  latitude 
PO  feen  from  N,  is  equal  to  the  latitude  po  fetn 
from  S,  being  both  feen  under  equal  angles.  Like- 
wife  the  angle  ON»  is  equal  to  the  angle  oSn  ;  that 
is,  the  longitude  On  feen  from  N,  is  equal  to  the 
longitude  on  feen  from  S.  Therefore  there  are  the 
fame  data  in  the  triangle  »OP  as  in  the  triangle 
pop,  to  find  the  inclination  O/zP  of  the  orbit. 

%  Way. 

Let  the  orbit  of  the  planet  be  PDG,  that  of  the  44. 
earth  BEQ,  Na  the  line  of  the  nodes..  At  the 
time  when  the  earth  is  at  Q  in  the  line  of  the 
nodes,  obferve  accurately  the  longitude  of  the  pla- 
net at  P,  from  the  fun,  or  the  angle  OQS,  and  al- 
fo  its  latitude  PQO..  Then  it  will  be  as  the  fine 
of  the  angle  SQO,  to  radius ;  fo  tan.  latitude  PQO,. 
to  the  tan.  of  the  inclination  of  the  orbit.. 

For  PO  being  perp.  to  the  plane  of  the  ecliptic; 
draw  PQ,  OQ ;  and  draw  OB  perp.  to  N»  •,  then, 
the  angle  PBO  is.  the  inclination  or  the  orbit.  In 
the  right  angled  triangles  QPO,.  and  BPO,  we 
have  OB  :  S.OQB  :  :  QO  :  radius  :  :  PO  :  tan,. 
PQO.  And  alternately,  S.OQB  :_  tan.  PQO  :  :. 
OB  :  PO  :  :  radius  :  tan.  PBO. 

S  C  H  OLIUM, 

If  it  happen  that  the  fun.  is  in  the  node,  and  the 
,net  90  degrees  from  the  fun..  Then  the  latitude- 
L  4.  of; 
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Fig.  of  the  planet  feen  from  the  earth,  is  equal  to  the 
44.  inclination  of  the  orbit. 

For  imagine  B  to  be  in  the  earth's  orbit,  and 

PBS  a  right  angle,  or  PB  perp.  to  BS  •,  then  PBO 

is  the  inclination. 

P  R  O  B.     XIV. 

¥0  find  the  orbit  of  a  planet,  the  place  of  its 
aphelion,  and  the  time  when  it  is  in  the  aphelion. 

1  Way. 

Let  »PN  be  the  planet's  orbit,  AEQ  the  earth's, 
S  the  fun,  N«  the  line  of  the  nodes.  This  me- 
thod fuppofes  the  earth's  motion  in  its  orbit  to  be 
known  ;  and  likewife  the  inclination  of  the  planet's 
orbit. 

Let  the  planet  be  at  P  in  oppofition  to  the  fun, 
the  earth  being  at  E.  Draw  PO  perpendicular  to 
the  ecliptic,  and  draw  SEO  •,  and  O  is  the  planet's 
place  reduced  to  the  ecliptic.  Then  obferve  the 
quantity  of  the  angle  PEO,  the  planet's  latitude 
ieen  from  the  earth.  And  fince  the  fun's  place  is 
.known,  the  planet's  place  being  oppofite  to  it  is 
known,  and  therefore  its  diftance  from  the  node 
On  is  known.  Therefore  in  the  fpherical  triangle 
#PO,  the  fide  On,  and  angle  0»P  are  known  ; 
therefore  the  fide  P#  will  be  known,  and  PO, 
which  is  the  meafure  of  the  angle  PSO,  the  lati- 
tude of  the  planet  feen  from  the  fun.  Likewife 
SE  is  known  being  the  earth's  diftance  from  the 
fun.  Therefore  in  the  triangle  PSE  having  all 
the  angles  and  the  fide  SE  •,  the  fide  SP,  the  pla- 
net's diftance  from  the  fun,  is  known.  Therefore 
we  have  the  planet's  place  in  its  own  orbit. 

In  like  manner,  by  getting  two  more  obferva- 
tions,  of  the  fame  planet,  in  a  pofition  oppofite  to 
the  fun  -,  we  fhall  have  two  more  places  D  and  G 

of 
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of  the  planet  in  its  orbit.  Hence  we  have  the  Fig. 
magnitude  and  pofition  of  three  lines  SP,  SD,  SG,  44. 
drawn  from  the  focus  of  an  ellipfis  ;  and  then  the 
curve  may  be  defcribed  by  Prop.  LXXXV.  B.I. 
Conic  Sedions ;  and  that  will  be  the  orbrt  of 
the  planet,  from  which  all  other  requifite  may  be 
found.  It  is  evident  this  method  can  only  be  ap- 
plied to  the  fuperior  planets. 

2  Way. 

Let  GHT  be  the  earth's  orbit,  APE  the  pla-  45- 
net's  orbit,  S  the  fun,  DSN  the  line  of  the  nodes. 
Let  the  planet  be  at  P,  whilft  the  earth  is  in  any 
place  T.  Draw  PB  perpendicular  to  the  plane  of 
the  ecliptic.  Draw  TB  meeting  with  the  line  of 
the  nodes  in  N.  Draw  SB  ;  and  draw  TC  paral- 
lel to  BP,  and  TD  perpendicular  to  DN,  and  draw 
CD  ;  and  the  angle  TDC  is  the  inclination  of  the 
orbit. 

Let  the  angle  BTP  be  obferved,  the  planet's  la- 
titude at  the  earth  ;  and  the  angle  BTS  its  diftance 
from  the  fun  in  the  ecliptic.  Then  1.  In  the  tri- 
angle NTS,  we  have  given,  the  fide  ST  the  dif- 
tance of  the  earth  and  fun  ;  and  the  angle  TSN, 
the  earth's  diftance  from  the  node,  and  the  an- 
gle NTS  or  BTS;  to  find  NT.  2.  In  the  right 
angled  triangle  TSD,  we  have  TS,  and  TSD  ;  to 
find  TD.  3.  In  the  right  angled  triangle  TDC, 
v/e  have  TD  and  TDC  •,  to  find  TC.  4.  In  the 
right  angled  triangle  TCN,  we  have  TC,  NT; 
to  find  the  angle  TNC.  5,  In  the  triangle  NTP, 
we  have  the  angle  NTP  or  BTP,  and  PNT  or 
CNT,  and  the  fide  NT  ;  to  find  TP.  6.  In  the 
right  angled  triangle  PTB,  we  have  TP,  and  an- 
gle PTB;  to  find  BT,  BP.  7.  In  the  triangle 
TSB,  v/e  have  T3,  TS,  and  the  angle  BTS  ;  to 
find  S'B,  and  angle  TSB,    which  is  the  place  of 

the 
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Fig.  the  planet  reduced  to  the  ecliptic.  8.  In  the  right 
45.  angled  triangle  PBS,  we  have  the  fides  PB,  BS ; 
to  find  SP,  the  planet's  diftance  from  the  fun  •,  and 
angle  PSB,  the  planet's  latitude  feen  from  the  fun. 
9.  In  the  right  angled  fpherical  triangle  APB,  we 
have  PB  and  angle  PAB,  to  find  AB  and  AP.  So 
the  planet's  place  in  his  orbit  is  known,  and  his 
diftance  from  the  fun.  And  if  by  this  method  we 
find  two  more  places  of  the  planet  in  its  orbit,  and 
the  diftances  from  the  fun  ;  we  mail  have  three 
lines  given  in  magnitude  and  pofition,  drawn  from 
the  focus  of  an  ellipfis  •,  and  therefore  the  curve 
may  be  defcribed  by  Prop.  LXXXV.  B.  I.  Conic 
Se&ions,  which  will  be  the  planet's  orbit. 

3  Way. 

4-6'  Let  BKL  be  the  earth's  orbit,  S  the  fun,  A  the 
planet,  P  the  point  in  the  ecliptic  where  it  is  cut 
by  a  line  AP  perpendicular  to  it.  Suppofe  the 
earth,  at  K,  let  the  angle  PKS  be  obferved,  being 
the  difference  between  the  longitude  of  the  fun 
and  of  the  planet,  feen  from  K.  After  the  planet 
has  compleated  its-  period,  it  comes  to  the  fame 
point  P  again  •,  at  which  time,  let  the  earth  be  in 
L.  At  that  time  obferve  the  angle  PLS,  or  the 
difference  of  the  longitude  of  the  fun  and  planet. 
Then  having  the  times  of  obfervation,  there  will 
be  given  the  places  of  the  earth  in  the  ecliptic  at  K 
and  L,  and  confequently  the  angle  LSK,  and  alfo 
the  fides  LS,  SK  ;  therefore  in  the  triangle  LSK,. 
there  will  be  given  the  fides  LS,  SK,  and  included 
angle  LSK  -9  to  find  LK  and  the  angles  SKL,  and. 
SLK.  And  having  the  angles  SKP,  and  SLP; 
the  angles  PKL  and  PLK  will  be  known.  In  the 
triangle  PLK,  we  have  the  angles,  and  the  fide 
LK ;  to  find  PL.  In  the  triangle  PLS,  we  have 
the  fides  PL,  LS,  and  included  angle  PLS  -,  to 
LSP,  the  longitude  of  the  planet  from  the 

earth  % 
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earth;  and  SP,  the  planet's  diftance  from  the  fun.  Fig. 
And  the  place  of  the  node  being  known,  the  dif-  46. 
tance  of  the  planet  from  the  node  in  the  plane  of 
the  ecliptic,  is  alfo  known.  But  PA  being  per- 
pendicular to  the  ecliptic,  and  if  A  be  the  place 
of  the  planet  in  its  orbit :  then  in  the  right  angled 
triangles  APL  and  APS,  ft  y>ill  be  as  tan.  ALP, 
to  the  tan.  ASP  •,  fo  is  SP  to  LP  •,  whence  the  angle 
ASP  will  be  known,  and  from  thence  AS.  And 
laftly,  the  diftance  of  A  from  the  node  will  be 
found  as  in  the  laft  method.  If  by  this  means  two 
more  places  of  the  planet  be  found,  there  will  be 
given  the  focus,  and  3  points  in  the  curve,  to  de- 
fcribe  an  ellipfis,  by  Prob.  LXXXV.  B.  I.  Conic 
Sections,  for  the  orbit  of  the  planet. 

Then  the  pofition  of  the  tranfverfe  axis  of  the 
orbit,  will  mew  the  place  of  the  aphelion ;  and 
from  thence  the  time  will  be  known  ;  or  the  place 
of  the  aphelion  may  be  known,  by  having  feveral 
obfervations ;  and  from  thence  rinding  the  time  of 
paffing  from  the  aphelion  to  the  perihelion ;  and 
the  time  of  going  back  to  the  aphelion  ;  which  is 
done  by  help  of  the  obferved  places.  Then  thefe 
times  will  be  equal,  when  the  point  is  in  the  aphe- 
lion ;  and  muft  be  corrected  by  taking  new  points 
for  the  aphelion,  till  it  happen  fo.  But  the  exact 
points  may  be  better  found  by  interpolation,  from 
the  feveral  obfervations,  by  Prop.  V.  of  the  dif- 
ferential method. 

PROB.     XV. 

To  find  the  greateft  elongation  of  an  inferior  planet,  4*^ 

Let  ABD  be  the  orbit  of  the  planet,  E  a  point 
in  the  earth's  orbit,  S  the  fun.     From  the  point  E, 
draw  the  line  EB  to  touch  the  orbit  ABD  of  the 
inferior  planet ;  and  the  angle  SEB  will  be  the  pla- 
net's- 
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Fig.  net's  greateft  elongation.  Therefore  draw  SB  to 
47.  the  point  of  contact  B,  and  it  will  be  perpendicu- 
lar to  the  tangent  EB  •,  whence  in  the  right  angled 
triangle  ESB,  there  are  given  ES  and  SB,  the  dis- 
tances bf  the  earth  and  planet  from  the  fun ;  to 
find  the  angle  SEB  the  elongation. 

For  a  line  drawn  from  E  to  any  other  point  of 
the  half  orbit  AED,  befides  B,  will  fall  within  the 
angle  SEB  -,  fince  that  half  orbit  is  wholly  included 
between  the  lines  ED  and  EB. 

If  you  would  find  the  greateft  elongation  expe- 
rimentally •,  you  muft  take  the  elongation  SEB, 
by  an  inftrument,  feveral  times,  when  it  is  about 
the  extremity  of  its  orbit ;  and  the  greateft  angle 
contained  between  the  fun  and  the  planet,  is  that 
fought.  But  in  elliptical  orbits,  the  fame  muft 
be  repeated  feveral  times,  when  the  earth  and 
planet  are  in  different  parts  of  their  orbits  j  and  the 
greateft  obferved  angle  is  that  required* 

P  R  O  B.     XVI. 

¥0  find  the  "parallax  of  a  ■planets 

1  Way. 

48.  Let  AD  be  the  earth,  C  its  center,  P  the  pla- 
net; and  let  the  planet's  diftance  CP,  from  the 
center  of  the  earth  be  given.  Then  ZAP  is  the 
complement  of  the  apparent  altitude,  ZCP  the. 
complement  of  the  true  altitude.  Then  it  will 
be,  as  the  planet's  diftance  from  the  center  of  the 
earth  CP  :  to  the  earth's  radius  AC  :  :  fo  the  co- 
fine  of  the  apparent  akit&de,  S.ZAP  :  to  the  fioe 
of  the  parallax. 

For  draw  AF  parallel  to  CP.  Then  angle  FAP 
is  equal  to  the  angle  APC.  -  But  ZAF  is  equal  to. 
ZCP,  the  true  zenith  diftance,  and  ZAP  is  the  ap- 
parent zenith  diftance  j  and  their  difference  FAP 

or 
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or  its  equal  APC  is  the  parallax.  But  in  the  trian-  Fig. 
gle  CAP,  it  is  CP  :  S.CAP  or  ZAP  :  :  CA  :  S.CPA  48. 
or  PAF  the  parallax. 

2  Way. 

If  the  diftances  of  two  planets  or  flars,  having 
the  fame  apparent  altitude,  be  known,  and  the  pa- 
rallax of  one  of  them. 

Let  P  and  G  be  the  planets  in  the  line  APG  ; 
then  APC  is  the  parallax  of  P,  and  AGC  the 
parallax  of  G.  Therefore  in  the  triangle  CPG, 
we  have  CP,  CG,  and  an  angle  oppofite,  fuppofe 
G ;  to  find  the  other  oppofite  angle.  Therefore 
diftance  CP  :  diftance  CG  :  :  S.CGP  :  S.CPG 
or  CPA ;  that  is,  the  fines  of  the  parallaxes 
are  reciprocally  as  the  diftances  from  the  earth's 
center. 

3  Way. 

Let  S  be  the  ftar  or  planet,  whofe  parallax  is  49. 
fought.  Obferve  it  when  it  is  in  the  fame  vertical 
circle  with  any  two  fixt  ftars,  A,  B.  Obferve  again 
when  the  fame  two  ftars  come  into  a  pofition  paral- 
lel to  the  horizon  at  a  and  b,  and  let  the  planet  be 
come  to  s.  Then  with  an  inftrument  meafure  the 
altitude  of  a  or  b,  and  likewife  the  altitude  of  s ; 
and  the  difference  of  thefe  altitudes  is  the  parallax. 

For  the  real  place  of  the  ftar  S  is  fome  where  in 
the  line  AB,  and  therefore  it  is  alfo  fomewhere  in 
the  line  ab^  and  therefore  its  altitude  is  the  fame  as 
that  of  a  or  b.  Therefore  the  parallax  is  the  dif- 
ference of  the  altitudes  of  a  and  st  or  of  b  and  s. 

4  Way. 

Let  S  be  the  ftar  or  planet ;  obferve  its  diftance 
from  any  fixt  ftar  B,  which  is  in  the  fame  vertical 
circle  ZSB ;  and  meafure  the  diftance  SB  with  an 
inftrument.  Then  obferve  again  when  the  fame 
two  ftars  have  equal  altitudes  above  the  horizon, 

at 
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Fig.  at  h  and  s  •,  and  then  take  the  diftance  bs.     This 

49.  diftance  will  be  very  near  the  true  diftance  of  the 
ftars  B  and  S.  Therefore  the  firft  diftance  BS  fub- 
trafted  from  the  latter  diftance  bs  (when  B  is  below 
S),  gives  the  parallax.  Or  the  latter  diftance  fub- 
tracted  from  the  former,  when  B  is  above  S,  gives 
the  parallax. 

5  Way. 

50.  The  parallax  may  be  found  by  obferving  the  azi- 
muth and  altitude  of  the  ftar  or  planet.  Let  HZO 
be  the  meridian,  EQj:he  equinoctial,  HO  the  ho- 
rizon, Z  the  zenith,  P  the  pole,  S  the  ftar,  ZSB 
a  vertical  circle  palling  thro'  it.  Obferve  the  alti- 
tude BS,  and  the  azimuth  BO  ;  and  mark  the  mo- 
ment of  time  when  thefe  obfervations  are  made. 
Then  obferve  the  moment  of  time  that  the  ftar 
comes  to  the  meridian  ;  and  then  you  have  the  dif- 
tance of  time  from  the  obfervations.  Convert  this 
into  degrees,  allowing  only  23  hours,  56  minutes 
to  3C0  degrees  (which  is  the  time  of  the  earth's  ro- 
tation to  the  fame  ftar),  and  you  have  the  arch  ED 
or  angle  EPA,  luppofing  PAD  an  hour  circle. 
Therefore  in  the  fpherical  triangle  ZPA,  we  have 
the  angle  ZPA,  and  angle  PZA  equal  to  BO,  and 
the  fide  Zp  the  co-latitude ;  to  find  the  fide  Z A 
the  complement  of  the  altitude ;  this  fubtraclred 
from  ZS,  known  by  obfervation;  the  remainder 
AS  is  the  parallax. 

6  Way. 

This  is  to  be  done  with  a  telefcope  with  crols 
hairs  in  the  focus.  Direct  the  telefcope  to  the  pla- 
net, and  turn  it  round  till  its  motion  is  along  one 
of  the  crols  hairs,  which  reprefents  part  of  the 
planet's  parallel  circle.-,  and  the  other  hair  perpen- 
dicular to  it,  will  reprefent  its  hour  circle.  Obferve 
the  time  when  the  planet  comes  to  this  hour  cir- 
cle ;  there  fix  the  telefcope,  and  then  take  its  alti- 
tude ; 
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tude  •,  then  obferve  the  time  when  fome  fixt  ftar,  Fig. 
whofe  right  afcenfion  is  known,  comes  to  the  fame  50. 
hour  circle.  The  difference  of  time  between  the 
planet  and  ftar  coming  to  this  hour  circle,  turned 
into  degrees  (allowing  360  degrees  to  23  hours,  56 
minutes),  gives  the  difference  of  right  afcenfions 
of  the  planet  and  liar ;  and  fo  the  apparent  right 
afcenfion  of  the  planet  is  known.  Again,  when  the 
planet  comes  to  the  meridian,  obferve  it  with  the 
telefcope,  and  note  the  time ;  and  when  the  ftar 
comes  to  the  meridian,  note  the  time  of  that.  Then 
the  difference  of  the  times  reduced  to  degrees  as 
before,  gives  the  true  difference  of  right  afcenfions, 
fo  the  true  right  afcenfion  of  the  planet  will  be 
known.  Therefore  let  HO  be  the  horizon,  HZO  51. 
the  meridian,  Z  the  zenith,  P  the  pole,  A  the  true 
place  of  the  planet,  S  its  apparent  place,  ZSB  a 
vertical  circle.  Then  in  the  triangle  ZPS,  we  have 
ZP,  ZS,  and  angle  ZPS  to  find  the  angle  PZS.  In 
the  triangle  ZPA,  we  have  ZP,  angles  ZPA, 
PZA  §  to  find  ZA,  which  taken  from  ZS,  gives 
AS  the  parallax. 

If  the  planet  have  a  proper  motion  of  its  own, 
its  true  place  will  be  always  changing  •,  and  there- 
fore the  change  of  place  muft  be  computed  for  the 
time  of  the  observations.  This  is  done  by  obferv- 
ing  its  place  when  in  the  meridian,  twice  •,  and 
thence  the  change  of  place  is  had  for  24  hours. 
And  therefore  the  place  at  the  times  of  obferva- 
tions  will  be  had  by  proportioning  the  motion,  ac- 
cording to  the  times. 

Here  the  angle  ZPS  mould  be  about  90  degrees, 
to  have  APS  the  greatelt  poffible. 

7  Way. 

This  requires  two  obfervers  in  different  places  r2, 
of  the  earth,  and  can  be  applied  to  none  of  the  pla- 
nets but  Mars  in  oppofition  to  the  fun,,  or  to  Ve- 
nus 
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Fig.  mis  in  the  fun's  difk.  Let  PFRQ  be  the  earth, 
52.  PR  its  axis,  EQ  the  equinoctial,  S  the  planet  Mars 
in  oppofition  to  the  fun,  and  if  near  the  periheli- 
on, 'tis  better.  And  this  will  be  beft  done  when 
the  fun  is  about  the  equinoxes.  Let  there  be  taken 
two  places  F,  G,  one  in  north  latitude,  the  other 
in  fouth  latitude,  and  the  further  from  the  equi- 
noctial the  better,  and  nearly  in  the  fame  meridian, 
or  rather  fo  placed,  that  the  line  FG  drawn  from 
cue  to  the  other  may  be  nearly  perpendicular  to 
the  orbit  of  Mars.  By  this  means  we  have  a 
greater  bafe  to  work  upon.  Then  let  the  two  ob- 
fervers  pitch  upon  fome  fixt  ftar  as  A,  which  Mars 
in  his  motion  comes  very  near  at  that  time ;  and 
the  nearer  the  better.  And  having  two  good  in- 
ftruments  perfectly  alike,  furnifhed  with  microme- 
ters, and  being  lituated  at  F  and  G  -3  let  them  ob- 
ferve  for  feveral  nights  fuccefiively  about  midnight, 
the  places  of  Mars,  at  B  and  C,  as  it  paffes  by  the 
ftar  A ;  and  take  the  diftances  AB  and  AC  every 
night,  during  his  tranfit  by  this  ftar.  Thefe  ob- 
fervations  are  to  be  continued  till  the  diftances  be- 
gin to  encreafe,  and  no  longer  i  for  then  he  is  paft 
the  ftar.  From  this  number  of  obfervations,  the 
nearer!  diftance  of  Mars  from  the  ftar  A  may  be 
found,  as  obferved  from  the  places  F  and  G  ;  at 
leaft  they  may  be  found  by  interpolation.  Let  thefe 
neareft  diftances  be  AB  and  AC,  then  we  have  the 
difference  BC,  or  the  angle  B3C  or  FSG.  And 
from  the  fituation  of  the  places  F  and  G,  the 
length  and  pofition  of  FG  will  be  known ;  and  by 
thefe,  FS  may  be  found.  And  laftly,  the  angle 
which  the  radius  of  the  earth  fubtends  at  the  dif- 
tance FS,  or  the  horizontal  parallax  of  Mars  will 
be  known. 

If,  inftead  of  Mars,  Venus  be  obferved  in  the 
body  of  the  fun  •,  then    her  neareft  diftances  from 
either  limb  of  the  fun  muft  be  taken,  whofe  dif- 
ference 
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ference  will  give  the  angle  at  Venus,  fubtendect  by  Fig. 
FG,  the  reft  as  before;  fo  the  parallax  of  Venus  52. 
will  be  obtained. 

The  parallax  of  Mars,  when  neareft  the  earth, 
has  been  found  25,  27  and  30  feconds  at  different 
times. 

Con  1 .  A  fiar  or  planet  appears  lower  than  it 
really  is  by  the  quantity  of  the  parallax ;  which  is 
greater  the  lower  the  fiar  is ;  and  therefore  the  horizon- 
tal parallax  is  the  grtatefi. 

COr.  2.  The  parallax  is  equal  to  the  angle  which 
that  radius  of  the  earth,  where  the  obfervation  is 
made,  fubtends  at  the  planet. 

Cor.  3.  The  parallaxes  of  two  planets  are  as  the 
cofines  of  the  apparent  altitudes  dire tlly ,  -  and  their 
difiances  from  the  earth's  center  reciprocally. 

For  when  the  diftance  is  given,  the  parallax  is  as 
the  line  of  the  zenith  diftance  (by  method  1.)  and 
if  the  apparent  altitude  be  given,  the  parallax  is 
reciprocally  as  the  diftance,  by  method  2.  and 
therefore  is  in  a  compound  ratio,  when  neither  is 
given.  Here  the  parallax  being  very  fmall,  one 
may  take  the  parallax  itfelf  for  the  fine  of  the 
parallax. 

Cor.  4.  The  parallax  of  a  planet  being  known,  its. 
diftance  may  be  found. 

For  this  is  only  working  backward,  faying  as- 
fine  of  the  parallax,  to  the  earth's  radius ;  fo  S. 
zenith  diftance,  to  the  planet's  diftance. 

Cor.  5.  Having  the  parallax  of  any  of  the  planets ; 
the  difiances  of  all  the  planets  from  the  fun  may  be 
known,  in  diameters  of  the  earth,  or  any  fort  of  mea- 
fure. 

For  the  diftances  of  the  planets  from  the  fun  and 

from  one  another,  are  known  in  fome  aflunied  mea- 

M  fure. 
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Fig.  fure.  And  by  the  parallax  of  a  planet,  the  true 
diilance  of  the  earth  from  it,  is  known.  And 
therefore  all  the  other  diftances  will  be  known  by 
proportion. 

P  R  O  B.    XVII. 

Having  the  parallax  of  a  planet ;  and  its  pojition  in 
refpetl  of  the  ecliptic  and  circles  of  longitude,  &c.  to 
find  the  parallax  of  latitude  and  longitude ;  or  the 
parallax  of  right  afcenfion  and  declination. 

63-  Let  HO  be  the  horizon,  EC  the  ecliptic,  Z  the 
zenith,  P  the  pole  of  EC,  S  the  apparent  place  of 
the  planet,  ZSB  a  vertical  circle  drawn  thro'  the 
planet,  A  the  true  place  of  the  planet,  PAL,  PSI, 
circles  of  longitude.  Draw  AD  parallel  to  EC. 
Then  AS  is  the  parallax  of  altitude,  SD  the  paral- 
lax of  latitude,  Ll  the  parallax  of  longitude  •,  L 
being  the  true  place  of  the  liar  reduced  to  the 
ecliptic,  and  I  the  apparent  place. 

Then  having  AS  and  the  angle  ASD,  in  the 
fmall  right  angled  plane  triangle  ASD  •,  the  paral- 
lax of  latitude  SD  will  be  had,  and  the  fide  AD. 
Therefore  in  the  triangles  PAD,  PLI,  it  will  be, 
as  S.PD  :  radius  :  :  AD  :  LI  the  parallax  of  lon- 
gitude. And  whether  it  is  to  be  added  to,  or  fub- 
tracted  from  the  longitude  at  L,  will  eafily  ap- 
pear, by  the  pofition  of  the  circles  EC,  ZB,  PL. 

But  if  EC  be  the  equinoctial,  P  its  pole ;  then 
SD  will  be  the  parallax  of  declination,  and  LI  the 
parallax  of  right  afcenfion. 

Cor.  i.  If  the  circles  PS,  ZS  coincide  \  SD  zr 
AS,  and  AD  =:  o.  'That  is?  the  parallax  of  longi- 
tude or  right  afcenfion,  is  nothing,  and  the  parallax 
of  latitude  or  declination^  is  equal  to  the  parallax  of 
altitude* 

Cor. 


:\ 
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Cor.  2.  j^/^  #>?/«  EC,  ZS  coincide.     Then  AS  Fig. 
tz  LI,  and'SD  —  o.     7*£w/  zV,  the  parallax  of  Ion-  53. 
gitude  or  right  afctnfion  (as  the  cafe  is)  is  equal  to  the 
parallax  of  altitude.     And  the  parallax  of  latitude  or 
declination  is  nothing. 

P  R  O  B.     XVIII. 

To  find  the  periodic  time  of  the  moon,  her  orbit  and 
parallax. 

1.  The  moon's  periodical  time  is  known  by  ob- 
serving the  diltance  of  time  between  her  conjunc- 
tion with  any  fixed  liar,  and  her  next  return  to  the 
fame  liar  again.  But  this  being  different  at  dif- 
ferent times  j  if  the  time  be  taken,  between  her 
conjunction  with  any  liar,  obferved  feveral  years 
fince ;  and  her  conjunction  with  the  fame  liar  in 
this  age ;  and  that  time  be  divided  by  the  num- 
ber of  her  revolutions  ;  it  will  give  her  mean  perio- 
dic time,  which  is  27  days,  7  hours,  43  minutes, 
1 2  feconds  •,  and  is  fomething  more  than  her  re- 
turn to  the  fame  point  of  the  ecliptic,  which  is  27** 

?  43m  f-  . 

2.  The  time  of  the  moon's  fynodic  revolution,  or 

the  time  of  her  revolving  from  conjunction  to  con- 
junction with  the  fun,  is  found  the  fame  way,  by 
obfervation ;  and  in  a  great  number  of  years  is 
found,  by  dividing  the  diltance  of  time  by  the  num- 
ber of  thefe  revolutions  •,  and  is  2Qd  i2h  44"'  g". 

3.  To  find  the  parallax,  proceed  by  the  methods 
laid  down  in  Prop.  XVI.  or  by  this  method,  which 
is  peculiar  to  the  moon.  In  an  eclipfe  of  the  moon, 
obferve  when  the  horns  of  the  moon  are  in  the 
fame  vertical  circle,  and  at  that  moment  take  the 
altitude  of  both  the  horns  •,  then  half  the  fum  is 
the  apparent  altitude  of  the  moon's  center.  And 
we  lhall  have  the  true  altitude  of  her  center  thus. 

M  2  The 
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Fjov.  the  place  of  the  fun  in  the  ecliptic  at  that  time  is 
co,  known,  and  therefore  the  place  of  the  center  of 
the  earth's  fhadow,    which  is    oppofite   to    it,  is 
known  •,  and  the  altitude  of  the  moon  at  that  time 
is  equal  to  the  altitude  of  the  center  of  the  fhadow, 
becaufe  they  are  both  in  a  line  parallel  to  the  ho- 
rizon.    Therefore  finding  the  altitude  of  that  point 
of  the  ecliptic,  in  which  the  center  of  the  fhadow 
is  ;  from  which  fubtracting  the  apparent  height  of 
the  moon,  and  the  remainder  is  the  parallax.  Thus 
her  mean  horizontal  parallax  is  $j'  12". 
54..      4.  To  find  her  diftance.     Let  AD  be  the  earth, 
whofe  center  is  C,  and  A  the  place  of  obfervation. 
.  Let  F  be  the  place  of  the  moon.     Find  her  paral- 
lax AFC  by  Art.  3.   and  apparent  diameter.  Then 
in  the   triangle  AFC,    we  have  the  angle  F  the 
parallax,  and  angle  CAF  the  fupplement  of  ZAF 
her  apparent  zenith  diftance ;  to  find  her  apparent 
diftance  AF.     Then  if  G  be  another  place  of  the 
moon,  whofe  diftance  is  fought.     Let  the  moon's 
apparent  diameter  at  G  be  obferved,  and  her  alti- 
tude BAG.     Then  it  will  be,  as  her  apparent  dia- 
meter at  G,  to  her  apparent  diameter  at  F  •,  fo  is 
AF  to  AG.     Then  in  the  triangle  CAG,  having 
the  fides  AG,  AC,  and  angle  CAG  (=z  the  right 
angle  CAB  +  altitude  BAG),  the  fide  CG  will  be 
found,  or  her  diftance  from  the  earth's  center  z^ 
do  3  of  the  earth's  radii,  at  her  mean  diftance. 

5.  To  find  the  tranfverfe  axis  of  her  orbit,  and 
excentricity.  Find  her  diftances  from  the  earth's 
center,  by  a  great  number  of  obfervations,  conti- 
nued thro'  her  period,  as  in  Art.  4.  Out  of  thefe 
felecr.  the  greateft  and  leaft,  and  the  fum  of  them 
is  the  greater  axis  of  her  orbit ;  and  half  the  dif- 
ference is  the  excentricity.  Thus  the  mean  excen- 
tricity is  55,  the  mean  diftance  being  1000. 

Note,  the  moon  will  be  nearly  at  the  greateft 
and  ieaft  diftances  from  the  earth's  center,  when 

the 
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the  apparent  diameters  are  the  greateft  and  leaft,  Fig. 
taken  about  the  fame  altitude.     And  about  thefe 
times  you  mull  find  the  feveral  diftances  from  the 
earth's  center,  in  order  to  avoid  needlefs  trouble. 

6.  To  find  the  place  of  the  moon's  apogee.  Ob- 
ferve  two  places  of  the  moon,  when  fhe  has  the 
fame  apparent  diameter,  and  the  fame  altitude ;  bi- 
fect  that  arch  to  find  the  intermediate  place  •,  for  the 
apfis  of  her  orbit  paffes  thro'  it,  and  therefore  the 
poiition  of  the  apfis  is  known.  And  that  point  is 
the  apogee  where  the  apparent  diameter  is  leaft.  By 
comparing  two  fucceffive  revolutions,  the  motion 
of  the  apogee  will  be  known.  Or  rather  by  divid- 
ing the  whole  fpace  gone  thro'  in  a  long  time,  by 
the  number  of  revolutions,  gives  the  time  of  one  ; 
thus  the  apogee  makes  a  revolution  in  confequen- 
tia,  to  the  fame  point  of  the  ecliptic,  in  8  years, 
309  days,  8  hours,  20  minutes. 

7.  To  find  the  place  of  her  nodes.  Obferve  the 
latitude  of  the  moon  feveral  times  till  you  find  it 
to  be  nothing,  when  the  parallax  is  allowed  for ; 
and  that  is  the  place  of  her  node.  If  the  moon  be 
coming  northward,  it  is  the  afcending  node  •,  if 
fouthward  the  defcending  node.  If  the  places  of 
the  moon  be  found  thus,  when  fhe  is  in  two  fuc- 
ceeding  nodes ;  the  arch  defcribed  by  the  moon  in 
that  time,  compared  to  a  femicircje,  will  fhew  the 
motion,  of  the  nodes.  Or  rather,  it  being  known 
by  diftant  obfervations  how  far  either  node  has 
changed  its  place  in  a  great  number  of  years,  the 
time  of  one  revolution  will  be  found.  Thus  the 
moon's  nodes  are  found  to  be  retrograde  •,  and 
make  a  revolution  to  the  fame  point  of  the  ecliptic 
in  18  years,  224  days,  5  hours. 

8.  To  find  the  inclination  of  the  moon's  orbit. 
Obferve  her  latitude  feveral  times  when  fhe  is  near 
a  quadrant  from.  her.  node ;  and  the  greateft  la- 
titude is  the  inclination  of  her  orbit,  allowing  for 
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Fig.  the  parallax.  Thus  by  many  obfervations,  the  in- 
clination of  her  orbit  is  fometimes  50  o',  and  fome- 
times  50  iS's  and  always  between  thefe  limits. 

Scholium. 

Frequent  obfervations  have  difcovered  to  us  that 
the  orbit  of  the  moon  is  continually  changing.  For 
tho'  the  moon's  orbit  is  nearly  an  elliplis,  where 
the  earth  is  in  one  of  the  foci ;  yet  it  neither  keeps 
its  magnitude  nor  pofition.     For, 

1.  When  the  earth  is  in  its  aphelion,  the  moon 
moves  falter,  and  performs  her  revolution  in  lefs 
time.  But  when  the  earth  is  in  the  perihelion,  the 
moon  moves  flower,  and  is  longer  in  making  a  re- 
volution. 

2.  When  the  moon  is  in  the  fyziges,  fhe  moves 
fwifter  ;  and  in  the  quadratures,  (lower. 

3.  W7hen  the  moon  is  in  the  fyziges,  the  apfides, 
move  forward,  but  in  the  quadratures  they  go 
backward.  But  in  a  whole  revolution  of  the  moon, 
they  move  forward. 

4.  The  excentricity  of  her  orbit  increafes  as  the 
line  of  the  apfides  approaches  the  fyziges,  where  it 
is  greatefl ;  and  diminilhes  as  the  apfides  approach 
the  quadratures,  and  is  there  the  leaft. 

5.  The  line  of  the  nodes  is  moftly  moving  back- 
wards ;  except  when  the  moon  is  in  the  quadra^ 
tures,  and  then  the  nodes  ftand  Hill ;  or  when  the 
nodes  are  in  the  fyziges,  where  they  alfo  ftand  fbill  j 
and  between  the  node  and  neareft  quadrature,  they 
go  forward. 

6.  The  inclination  of  the  orbit  increafes  from 
the  moon's  fyziges  to  the  quadratures  •,  and  de- 
creafes  from  the  quadratures  to  the  fyziges.  And 
in  the  paffage  of  the  nodes  from  the  quadratures 
to  the  fyziges,  the  inclination  increafes ;  but  in 
their  pafTage  tQ  the  quadratures,  it  is  diminifhed. 

PROB, 
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Fig; 

PROB.,  XIX. 
tfo  find  the  refraftion  of  a  Jiar. 

The  earth  being  furrounded  with  a  body  of  air, 
called  the  Atmofphere,  thro'  which  the  rays  of 
light  come  to  the  eye,  from  all  the  celeftial  bodies. 
And  fince  thefe  rays  come  out  of  a  vacuum,  and 
fall  obliquely  upon  this  body  of  air ;  they  will  by 
the  laws  of  optics  be  refracted  in  lines  approaching 
nearer  to  the  perpendicular  of  the  refracting  fur- 
face.  Let  AD  be  the  earth,  furrounded  by  the  at- 
mofphere PQR.  Let  F  be  a  ftar  whofe  rays  pafs  5$. 
thro'  the  atmofphete  QA  to  the  obferver  at  A. 
Now  fince  the  atmofphere  is  denfer  near  the  earth, 
and  grows  rarer  by  degrees  as  its  height  grows 
greater.  Therefore  at  the  top  Q^  it  is  but  a  very 
little  refracted,  and  as  the  air  grows  denfer,  the 
nearer  the  ray  approaches  the  earth ;  the  ray  will 
be  more  and  more  refracted,  and  gradually  bent 
into  a  curve  Q  A.  By  this  means  the  ftar  comes  ta 
the  eye  in  the  direction  GA,  which  is  a  tangent  to  the 
curve  at  A ;  and  fo  the  liar,  inftead  of  being  feen 
at  F  where  it  really  is,  appears  to  be  at  G,  fituated 
in  the  line  AG.  For  this  reafon  a  ftar  always  ap-  .., 
pears  higher  or  more  elevated  above  the  horizon, 
by  the  refraction,  than  it  really  is.  And  fince  the 
refraction  is  made  in  a  plane  which  is  perpendicu- 
lar to  the  furface  of  the  atmofphere,  or  to  the  fur- 
face  of  the  earth,  which  plane  paries  thro'  the  cen- 
ter of  the  earth  ;  therefore  both  the  true  and  ap- 
parent place,  F  and  G  are  in  the  fame  vertical  cir- 
cle, whofe  plane  paffes  thro'  A  the  place  of  the 
obferver,  and  the  center  of  the  earth  C.  It  is  plain 
alfo,  that  the  refraction  will  be  the  fame  at  all  dis- 
tances from  the  earth,  when  the  altitude  is  the 
fame  $  for  from  whatever  part  of  the  line  FQ,  the 
M  4  rays, 
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Fig.  rays  proceed ;  they  will  be  refracted  along  the  curve 

55.  QA  to  A.  Like  wife  we  know  from  optics,  that 
if  a  ray  of  light  pafs  thro'  feveral  refracting  medi- 
ums, it  will  fuffer  the  fame  refraction,  as  if  it  paffed 
immediately  out  of  the  firft  into  the  laft  •,  therefore, 

It  has  been  confirmed  by  experiments,  that  light 
falling  upon  a  medium  of  air  of  a  mean  denfity,  at 
a  very  fmall  angle  of  inclination,  will  make  the  re- 
fracted angle  half  a  degree  ■  but  this  will  vary  ac- 
cording to  the  denfity  of  the  air.  Aftronomers 
commonly  make  the  horizontal  refraction  to  be  33 
minutes.  Here  the  angle  of  incidence  is  90  de- 
grees. Therefore  to  find  the  refraction  at  any  other 
altitude,  it  will  be  by  the  laws  of  Dioptrics,  as  ra- 
dius :  Cof.  ^  (fine  of  refraction)  :  :  cofine  of  the 
true  altitude  of  a  flar  :  to  the  cofine  of  the  appa- 
rent altitude  by  refraction.  Then  the  true  altitude 
taken  from  the  apparent  altitude,  gives  the  refract- 
ed angle,  which  is  the  refraction  of  the  ftar. 

For  the  fines  of  incidence  and  refraction  are  in  a 
given  ratio,  and  the  cofine  of  the  true  altitude,  or 
the  fine  of  the  zenith  diftance,  is  here  the  fine  of 
incidence.  And  the  cofine  of  the  apparent  altitude, 
or  the  fine  of  the  apparent  zenith  diftance,  is  the 
fame  as  the  fine  of  refraction. 

56.  Having  the  horizontal  refraction,  to  find  it  at 
any  other  altitude.  Let  ADBG  be  a  circle,  C  the 
center,  and  let  the  diameter  AB  reprefent  a  part  of 
the  furface  of  the  denfe  atmofphere.  Draw  DCG 
perpendicular  to  it.  And  let  the  horizontal  ray 
AC  be  refracted  in  the  line  CT,  and  the  ray  PC 
in  the  line  CZ.  Produce  PC  to  N,  and  draw  TO, 
NM,  ZV,  PR,  perp.  to  DG  •,  and  ZF,  TI  parallel 
to  it.  Let  AC  =  r,  CI  or  CT  =  a,  PR  or  MN  = 
C,  VZ •=  f,  VC  —  s,  t  =  tangent  of  VCZ  zz  GL, 
g  zNZ  the  refraction,  r  —  AC.  Then  by  the 
principles  of  Dioptrics,  r  :  a  :  :  C  :  c,  and  by  di- 
yjfjon,   r  *-*-  a  :  a  : ;  C —  c  :  cy    whence  C  —  c  or 

FN 
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f  —  a  Fi°". 

FN  == c.     But  becaufe  ZN  is  a  very  fmall  rP 

a  J  5J' 

arch,  FZN  may  be  looked  upon  as  a  plane  trian- 
gle, fimilar  to  CVZ,  whence  CZ  (r)  :  CV  (s)  :  : 

ZN  (z)  :  FN  ( c )'  Therefore SZ  — cr, 

d  J  CI 

r  "— a      re       r  —  a  r — a 

and  z  —  — —   X  —  = 1.  But  becaufe 

a  s  a  a 

is  a  given  quantity,  z  will  be  as  / ;  that  is,  the 
refraction  at  any  altitude  will  be  nearly  as  the  co- 
tangent of  the  altitude,  or  as  the  tangent  of  the  ze- 
nith diftance. 

This  rule  may  deviate  a  little  in  very  fmall  alti- 
tudes, becaufe  the  rays  near  the  horizon  are  not 
regularly  refracted  -,  for  the  rays  coming  parallel  to 
the  horizon,  and  falling  on  the  atmofphere,  will  cut 
its  curve  furface  in  fome  fmall  angle.  That  is,  the 
part  of  the  atmofphere,  where  a  horizontal  ray  falls, 
cannot  ftridtly  be  looked  upon  as  parallel  to  the 
horizon,  but  will  vary  the  more  as  the  elevation  is 
lefs ;  and  this  caufes  the  failure. 

2.  To  find  the  rejratlion  by  ohfervation. 

Take  the  altitude  of  a  fixed  ftar,  when  it  is  at 
its  lowefl  point,  under  the  pole  ;  and  again  at  about 
12  hours  diftance,  take  its  altitude,  when  at  its 
higheft,  and  clear  of  refraction.  Then  having  the 
latitude  of  the  place,  you'll  find  the  diftance  of  the 
ftar  from  the  pole  at  each  obfervation ;  take  the 
leffer  diftance  from  the  greater,  and  the  remainder 
is  the  refraction  of  the  ftar  at  the  lefier  altitude, 
when  under  the  pole. 

For  at  the  greater  height  of  the  ftar,  it  is  fup- 
pofed  clear  of  refraclion  •,  and  therefore  you  have 
its  true  diftance  from  the  pole.  But  at  the  lefTer 
height  you  have  its  apparent  diftance.  So  their 
difference  muft  needs  be  the  refraclion. 

In 
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Fig.  In.  this  obfervation,  it  is  beft  to  chufe  fuch  a  ftar 
56.  as  comes  pretty  near  the  zenith,  either  northward 
or  fouthward  -,  and  then  you  may  be  fure  its  refrac- 
tion is  not  fenfible.  But  if  you  fufpect,  that  it  has 
fome  fmall  refraction  at  its  higheft  obfervation,  it 
may  be  found  out  by  the  proportion  before  given  ; 
by  faying,  as  tan.  greater  zenith  diftance  :  tan.  lefTer 
zenith  diftance  :  :  fo  the  refraction  at  the  lower  al- 
titude :  to  the  refraction  at  the  higher.  By  this  the 
lower  refraction  will  be  corrected,  by  fubtracting 
this  lad  from  it,  provided  the  lower  altitude  be  not 
lefs  than  8  or  10  degrees. 

After  this  method,  by  the  obfervation  of  diffe- 
rent ftars,  the  refraction  for  all  altitudes  may  be 
found  very  accurately ;  and  a  table  made  of  them 
for  ufe.  Thus  the  refraction  at  10  degrees  altitude 
is  found  to  be  about  5  minutes ;  and  in  the  ho- 
rizon from  30'  to  37'. 

Cor.  1.  Re  [raft  ion  makes  a  ftar  appear  higher  than 
it  is ;  contrary  to  the  parallax,  which  makes  it  ap- 
pear lower. 

Cor.  2.  The  refraclion  decreafes  from  the  horizon 
to  the  zenith  {like  the  parallax).  And  therefore  the 
horizontal  refraclion  is  greateft,  and  in  the  zenith  it 
is  nothing. 

Cor.  3.  All  the  ftars,  &c.  have  the  fame  refrac- 
tion at  the  fame  height,  whatever  their  diftances  may  be. 

Cor.  4.  The  fun  and  moon  appear  of  an  oval  figure 
near  the  horizon,  by  reafon  of  the  refraclion. 

For  the  under  fide  being  more  refracted  than  the 
upper  fide,  the  perpendicular  diameter  will  be  lefs 
than  the  horizontal  one. 

Cor.  5.  Hence  by  the  refraclion,  the  fun,  moon,  and 
Jiars,  rife  fooner,  and  fet' later  than  they  ought  to  do, 
by  their  proper  motion. 

For 
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For  they  are  really  below  the  horizon,  when  Fig. 
they  appear  to  be  in  it,  by  the  quantity  of  the  ho-  56. 
rizontal  refraction. 

Cor.  6.  By  the  variabknefs  of  refraclion,  it  hap- 
fens~that  the  tops  of  mount ains,  or  high  towers^  are 
at  fome  particular  times  vi/ible,  and  at  others  invijible. 

For  as  the  denlity  of  the  air  changes,  the  degree 
of  refraction  changes.  And  thefe  changes  happen 
fometimes  in  a  few  hours,  efpecially  within  3  or  4 
degrees  of  the  horizon.  And  thus  it  comes  to  pafs, 
that  the  top  of  a  mountain  may  be  feen  in  the  morn- 
ing or  at  night,  and  be  invisible  at  noon ;  in  the 
fame  place.  And  thus  the  lower  part  of  a  tower 
will  be  {een  in  the  morning,  and  the  upper  part 
at  noon,  thro'  a  telefcope  remaining  fixt  all  the 
while.  And  thus  fometimes  the  top  of  a  remote 
tower  has  been  vifible  above  the  top  of  one  nearer, 
and  fometimes  invifible.  So  great  a  change  there 
is  in  the  denfity  and  refraction  of  the  air  within  2 
or  3  degrees  of  the  horizon,  caufed  by  vapours 
arifmg  from  the  earth,  rarefied  and  condenfed  by 
heat  and  cold  •,  that  it  is  no  wonder  if  the  refrac- 
tion, fo  very  near  the  horizon,  be  fo  variable  and 
fubject  to  change.  Whilfl  at  greater  altitudes, 
where  the  atmofphere  is  not  diiturbed  by  fuch 
caufes,  it  is  more' regular  and  uniform. 

Scholium. 

Befides  this  effect  which  the  atmofphere  has,  of 
refracting  the  rays  of  light  -,  it  has  another  effect, 
of  reflecting  them.  By  this  means  the  twilight  is 
produced ;  and  this  light  is  {ten  long  before  the 
fun  rifes,  and  continues  long  after  fun-fet.  For  the 
height  of  the  atmofphere  is  fo  great,  that  -it  is  able 
to  reflect  fome  of  the  fun's  rays  to  us,  when  he  is 
18  degrees  below  the  horizon.  From  which  time  it 
grows  gradually  lighter  till  the  fun  rifes,  and  the' 

twilight 
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Fig.  twilight  diminilhes  gradually  after  fun-fet,  till  it  va- 
56.  nifh  into  total  darknefs. 

P  R  O  B.    XX. 

To  find  the  fun's  parallax  and  diftance. 

1  Way. 

This  is  done  by  finding  in  the  firfl  place,  the 
parallax  of  fome  of  the  planets ;  or  perhaps  of  a 
comet  if  it  come  near  enough.  And  the  parallax 
of  this  being  known,  the  fun's  parallax  will  become 
known.  For  the  parallaxes  of  two  celeftial  bodies 
are  reciprocally  as  their  diflances.  And  the  pro- 
portional diftance  of  the  planets  from  the  fun,  and 
from  one  another,  are  known  ;  whence  the  paral- 
lax of  any  one  being  known,  that  of  any  other, 
or  of  all  the  reft,  will  be  known. 

For  this  purpole  the  planet  Mars  when  in  oppo- 
sition to  the  fun  will  be  fitteft  to  be  made  ufe  of; 
becaufc  at  that  time  he  comes  neareft  the  earth,  and 
his  parallax  is  then  the  grcateft.  Therefore  find 
his  parallax  at  that  time  by  fome  of  the  methods 
laid  down  in  Prob.  XVI.  Then  having  his  parallax, 
and  the  proportional  diftances  of  Mars  and  the  fun, 
from  the  earth  at  that  time ;  the  fun's  parallax  is 
found  by  the  foregoing  rule.  By  this  method  Mr. 
Flamfteed  found  the  parallax  of  Mars  lefs  than 
30" ;  and  from  thence  determines  the  fun's  parallax 
not  to  be  above  io/;. 

2  Way. 

This  method  depends  upon  finding  the  parallax 
of  Venus,  in  her  tranfit  over  the  fun's  difk,  a  thing 
which  very  feldom  happens,  but  may  be  put  in 
pfadtice  when  it  does  happen,  provided  an  obferver 
be,  in  a  proper  place  upon  the  globe  ;  and  the  near- 
er the  equinoctial  the  better,  becaufe  the  arch  de- 

fcribed 
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fcribed  in  any  time  by  the  diurnal  motion,  is  the  Fig. 
o-reater.  This  is  done  by  finding  the  apparent  time  §6. 
of  the  tranfit,  by  a  good  pendulum  clock,  and  the 
true  time  by  calculation.  This  is  belt  and  moll  ex- 
actly performed  by  two  obfervers,  upon  different 
places  of  the  globe  whofe  longitudes  differ  about 
180  degrees.  But  as  few  people  care  to  go  to  far 
diftant  countries  in  order  to  make  obfervations  ;  I 
fhall  fhew  how  it  may  be  done  by  one  alone,  who 
happens  to  be  in  a  fit  place  for  it. 

Let  GQI  be  half  the  difk  of  the  fun.  E  and  F  57, 
the  earth  in  its  orbit,  V  and  X  Venus  in  her  orbit. 
And  let  ACPDB  be  the  path  of  Venus  over  the 
fun's  difk.  Find  the  horary  motion  EF  of  the  earth 
in  its  orbit,  and  VX  the  horary  motion  of  Venus  in 
her  orbit,  from  the  aflronomical  tables,  by  the 
theory  of  the  earth  and  Venus.  Then  we  fhall  have 
the  angles  FDE  and  XDV.  Put  FDE  =  />,  XDV 
=z  q.  VE  or  XF  =z  a,  VC  or  XD  zz  b.  And  the 
lines  EVC,  FXD,  being  drawn  from  the  centers  E 
and  F,  thro'  Venus  at  V  and  X,  then  CD  will  be  - 
the  horary  motion  of  Venus  in  the  fun's  difk.  To 
find  which,  draw  DV,  and  jXB,  touching  the  earth 
in  s  ;  then  FDs  is  the  fun's  horizontal  parallax,  put 
FDs  — :  x  the  horizontal  parallax.  And  we  have 
the  <EDV  =q—p. 

Now  in  the  triangle  DEV,  VE  (a)  :  VD  (b)  :  : 

EDV  (q—p):  DEV  or  DEC  =  ^^  b,  the  an- 
gle fubtended  by  CD,  which  is  the  apparent  hora- 
ry motion  on  the  fun's  difk. 

Watch  the  time  carefully  when  Venus  enters  the 
fun's  difk  at  A,  and  note  the  time ;  and  alfb  the 
time  of  the  internal  contact.  Do  the  like  at  the 
end  B  of  the  tranfit ;  likewife  take  the  greateft 
diftance  of  Venus  PQ  from  the  fun's  limb,  in  the 
middle  of  the  tranfit ;  take  alfo  the  fun's  diame- 
ter GI  or  zSQ,  and  that  of  Venus.    Then  we  fhall 

have 


174  ELEMENTARY 

Fig.  have  SP  —  SQ^ —  PQ,  and  from  thence  AB,  the 
57.  path  defcribed.  Then  fay,  as  CD  :  1  hour  or  6om: : 
60AB  .  , 

AB  :  "TTT-'    tne  minutes  wherein  the  whole  path 

would  appear  to  be  defcribed  from  the  center  of 
the  earth. 

But  the  rotation  of  the  earth  being  from  weft  to 
eaft,  and  Venus  tranfit  being  from  eaft  to  weft  j 
fhe  will  appear  to  go  fooner  off  the  difk.  For  while 
the  earth  moves  from  E  to  F,  the  place  of  the 
obferver  is  moved  thro*  the  arch  no.  And  there- 
fore, Venus  inftead  of  being  obierved  at  D  will  be 
obferved  at  B  in  the  line  0XB.  The  time  of  de- 
fcribing  DB,  then  is  owing  to  the  parallax. 

Put^/  —  earth's  diameter,  c  2:  no  the  chord  of  the 
arch  defcribed  during  the  tranfit.  Then  in  the  tri- 
angle DXj,  Xs  (a)  :  XD  (b)  :  :  x  (the  horizontal 

bx 
parallax)  :  angle  DjX  or  DjB  zz  —  •     But  becaufe 

no  is  lefs  than  the  diameter,  this  angle  mud  be  di- 

bx    bcx 

minifhed  in  that  ratio,  therefore  d  :  c  :  :  —  :  — > 
'  a       ad 

the  angle  which  BD  fubtends  by  half  the  chord  no. 

And  this  muft  be  doubled,  for  it  is  the  fame  both 

at  the  beginning  and  end  of  the  tranfit,  as  itcauies 

it  to  begin  later  and  end  fooner.     Therefore  2BD 

ibex  . 
or  — -7-  is  the  diminution  of  the  length  caufed  by 

the  parallax  of  the  chord  no.  Then  to  find  the  time 

wherein  this  is  defcribed ;    it  is,  as  CD  :   oom  :  : 

•    ibex      nobcx 

— 7  :  — rrFFo  the  contraction  of  the  time,  bv 
ad      ad  X  CD 

the  parallax.    But  we  have  the  time  by  obfervation, 

that  the  center  of  Venus  feems  to    defcribe   the 

whole  path  AB,  for  it  is  nearly  equal  to  the  dii- " 

tance  of  time  of  the  inner  contact  at  the  beginning, 

and  the  outer  contact  at  the  end,  let  this  time  in 

minutes 
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1 lobcx         60  AB  Fig. 

minutes  =2  /  •,  then  t  +  adxCD  =  "cd"'  Then  57* 

adt  XCD  +  nobcx  —  6oad  X  AB.     Put  for  CD 

q  — p 
its  equal  l b,  and  let  AB  =z  »,  then  *&  x 

' — \ —  b  4-  izobcx  —  ooaan,  or  izobcx  —  6oadn — » 


bdtY.  a  —  -p  •,  and  a?  = 1 £  — 

_{fc  " J  zobc 

* —  X  :  -7-  »  —  r-  X  7 # ;  where  n  is  a  fmall 

2f  0  OO         *  r 

angle  expreffing  the  fun's  chord  AB. 

If  the  chord  no  is  not  at  right  angles  to  DF  or 
CE  as  the  calculation  fuppofes  -,  that  is,  if  the  fun 
is  not  in  the  meridian,  at  the  middle  of  the  tranfit;, 
then  c  muft  be  diminifhed  in  the  ratio  of  radius  to 
the  cofine  of  the  meridian's  diltance  from  the  mid- 
dle of  the  tranfit. 

And  if  that  chord  drawn  in  the  fphere  is  not  pa- 
rallel to  the  orbit  of  Venus,  then  c  mUit  be  further 
diminifhed  in  the  ratio  of  the  radius  to  the  cofine 
of  inclination. 

If  this  method  be  carefully  managed,  it  will 
give  the  parallax  to  great  exactnefs.  And  to  per- 
form it,  there  is  required  a  good  pendulum  clock 
with  feconds,  to  note  the  time  of  the  tranfit  5  and 
good  instruments,  with  telefcopic  fights  to  take  the 
diameters  of  the  fun  and  of  Venus,  and  to  take 
her  furtheft  diftance  from  the  fun's  limb,  to  have 
her  neareft  approach  to  the  center. 

3  Way.. 

But  if  another  obfervation  can  be  made  in  the  op- 
pofite  part  of  the  fame  meridian,  or  near  it,  where 
the  immerfion  and  emerfion  can  be  feen  (which  is 
Dr.  Halley's  method) ;  the  parallax  may  be  deter- 
mined 


i76  ELEMENTARY 

y\cr.  mined  to  far  greater  exactnefs,  and  with  lefs  calcu^ 
gj,  lation.  For  iince  on  the  oppofite  fide  of  the  earth, 
the  revolution  is  made  from  eaft  to  weft,  the  fame 
way  that  Venus  moves ;  it  is  plain  the  time  of  the 
tranfit  will  be  prolonged,  by  reafon  of  the  parallax. 
Therefore  if  the  time  of  the  tranfit  be  exactly  ob- 
ferved  in  this  laft  place  as  well  as  in  the  former  j  it 
muft  needs  be  longer  than  the  firft  obferved  time. 
And  from  the  difference  of  the  times  the  parallax 
will  eafily  be  found. 

Let  T  —  this  laft  obferved  time  of  the  tranfit, 
C  the  chord  of  the  arch  defcribed  in  the  time  of  the 
tranfit,  by  the  place  of  the  obferver.  Then  pro- 
ceeding as  before,  we  fhall  have  this  equation  T  — 

ncbLx         60AB 
,;7^"CD  =  "CD"'    and  adT  X  CD  -  "°*C*  =3 

q  — p 

6cad  x  AB,   or  adT   X  2 -  b  —  ncbCx  - 

a 

i2o£C*  4-  6oadn 

6cadn,  and  db  X  q  — p  ~ r^ ■  Put 


this  value  of  db  X  a  —  p  into  the  equation  found 

before,   nobcx  —   6oadn —  bdt  X  q — p.     Then 

nobCx  -j-  6oadn 
nobcx  —   6oadn  —  /  x  ^ '    and 

1  zobcTx  +  nobCtx  —  GoadnT  —  6oadnt.  Whence 

x  =z  — 1  X ,  the  parallax. 

2b       cT  +  CV         v 

Scholium. 

The  fame  method  might  be  made  ufe  of  in  Mer- 
cury's tranfit  over  the  fun,  but  that  his  parallax  is 
fo  fmall,  one  can  make  nothing  of  it.  For  he  be- 
ing nearer  the  fun  than  Venus,  and  confequently 
further  from  the  earth  •,  his  true  and  apparent  place 
upon  the  fun's  difk  almoft  coincide.  So  that  no 
difference  of  the  times  of  his  real  and  apparent 

motion 
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motion  over  the  fun's  difk  can  be  diftinguifhed.  Fig. 
Otherwife,  as  his  tranfits  happen  far  oftener  than  SI* 
thofe  of  Venus,  they  would  have  afforded  many 
opportunities  for  this  purpofe.  For  there  are  no 
lefs  than  fix  tranfits  of  Mercury  before  this  century 
is  out,  viz.  in  1769,  1776,  1782,  1786,  1789 
and  1799.  But  there  are  only  three  tranfits  of  Ve- 
nus before  the  commencing  of  the  next  thoufand 
years  •,  and  thofe  are  in  1 769,  on  June  3d,  at  1 1 
o'clock  at  night  •,  in  1874,  on  Dec.  8th,  at  4  o'clock 
in  the  morning-,  and  in  1996,  on  June  8th,  at  2 
o'clock.  So  that  if  that  in  1769  be  let  pals ;  no 
further  opportunity  can  be  expe&ed  in  this  age. 
And  even  that  will  not  be  vifible  in  this  country. 

I  muft  take  notice,  that  the  path  of  the  planet 
ieen  by  an  obferver,  is  not  exactly  the  fame  as  her 
path  feen  from  the  center  of  the  earth  which  we 
here  calculate  •,  and  this  is  alfo  owing  to  her  pa- 
rallax. But  whenever  this  method  is  put  in  exe- 
cution, thefe  trifling  errors  may  eafily  be  corrected, 

P  R  O  B.     XXI. 

Tv  find  the  iiftance  of  fome  of  the  fixed  jlars. 

If  this  problem  is  to  be  done  at  all,  it  muft  be  5  Si 
after  fuch  a  manner  as  this.  Choofe  two  flars  S 
and  T,  a  greater  and  a  lefler,  which  appear  exceed- 
ingly near  together,  or  if  poflible  in  one  line  AST ; 
when  the  earth  (or  the  fun)  is  about  90  degrees 
diflant  from  them  in  the  ecliptic  ;  that  is,  when  the 
difference  of  longitude  of  the  fun  and  the  flars  then 
obferved,  is  about  a  quadrant.  And  out  of  fuch 
a  number  of  flars  as  the  heavens  afford,  fome  will 
be  found  to  anfwer  this  pofition.  Now  a  greater 
and  a  lefler  flar  are  to  be  chofen,  becaufe  in  all 
probability,  they  are  at  very  unequal  diftances  from 
the  earth.  The  earth  being  then  at  A,  in  its  orbit 
ADB,  you  muft,  with  the  beft  telefcope  you  can 
N  ...  ^     get, 
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Fig.  get,  obferve  diligently  the  ftars  S  and  T,  in  or 
58.  near  the  line  AST,  and  take  their  diftance  if  they 
have  any,  as  near  as  poffible.  Then  at  the  dis- 
tance of  half  a  year,  or  when  the  earth  is  at  B, 
■  in  the  oppofite  point  of  its  orbit,  obferve  the  fame 
two  liars  again,  with  the  fame  inftrument ;  which 
then  will  appear  further  at  a  diftance  from  one  ano- 
ther, and  be  feen  under  the  angle  SBT  ;  therefore 
let  the  angle  SBT  be  meafured  as  before.  But  if 
you  can  find  no  difference  in  thefe  angles,  then  the 
earth's  orbit  has  no  fenfible  parallax. 

Now  fince  the  ftar  T  is  fuppofed  to  be  very 
fmall,  it  will  probably  be  at  a  very  great  diftance 
beyond  S.  And  the  angle  SBT  will  be  very  near 
equal  to  the  angle  ASB,  which  is  the  parallax  of 
the  earth's  orbit  at  the  nearer  fixt  ftar,  if  S  and  T 
are  in  a  line  from  A. 

But  if  S  and  T  are  not  in  a  line,  but  make  an 
angle  at  A,  then  that  angle  muft  be  taken  from  the 
angle  at  B,  if  they  can  be  meafured  or  eftimated  ; 
and  the  difference  will  be  nearly  the  parallax  of  the 
annual  orbit  ADB,  or  the  angle  ASB  •,  which  be- 
ing known,  the  ratio  of  AB  to  AS  will  be  known. 

If  the  ftars  S  and  T  be  taken  near  the  pole  of 
•the  ecliptic,  one  may  make  obfervations  in  any  twa 
oppofite  points  of  the  ecliptic,  or  in  as  many  places 
as  you  will,  to  find  what  alteration  appears  in  the 
two  ftars. 

If  the  ftars  are  not  very  different  in  magnitude, 
the  angles  at  B  and  T  may  be  eftimated  by  the 
diftances  BS  and  ST,  and  thole  by  the  magnitude 
of  the  ftars ;  from  thence  the  angle  ASB  will  be 
nearly  known.  But  by  all  obfervations  that  have 
hitherto  been  made,  thofe  angles  are  fo  fmall  as  not 
to  be  had  by  any  inftruments. 

The  immenfe  diftance  of  the  fixt  ftars  is  alfo  e-- 
vince4  from  this  j  that  when  their  diameters  are 

magni- 


r/,/-, 


/0/l<t/H// 


YlXRpa.jfJ. 
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magnified  100  or  120  times,  the  greateft  of  them  Fig. 
appear  only  as  points  without  any  magnitude.  58. 

Scholium. 

It  is  extremely  probable,  that  the  annual  paral- 
lax of  the  ftars  is  quite  infenfible,  and  cannot  be 
found  to  be  of  any  magnitude  by  the  beft  contriv- 
ed inllruments.  For  fuppofing  fome  of  the  fixt 
ftars  to  be  in  reality  as  big  as  the  fun,  as  the  fun 
is  one  of  that  kind  of  bodies.  And  if  any  liar, 
viewed  thro'  a  telefcope  that  magnifies  100  times, 
fliould.  appear  under  an  angle  of  half  a  minute, 
which  is  a  fenfible  magnitude ;  the  true  apparent 
diameter  would  not  exceed  1 8  thirds ;  which  is 
lefs  than  the  6000th  part  of  the  fun's  apparent  dia- 
meter. And  then  the  liar's  diftance  would  at  leafl 
be  6000  times  more  than  the  fun's.  But  as  none 
of  the  ftars  appear  to  have  any  magnitude  thro'  a 
telefcope ;  of  confequence  the  ftar's  diftance  is  far 
more  than  6000  times  the  diftarjee  of  the  fun. 

Mr.  Flamfteed,  by  7  year's  bbfervation,  found 
the  diftance  of  the  pole  ftar  from  the  north  poje, 
to  be  greater,  about  the  fummer  folftice,  than  about 
winter,  by  40  or  50  feconds;  and  fo  concluded 
that  the  parallax  of  the  earth's  orbit  was  fo  much. 
But  when  this  matter  is  rightly  confidered ;  that 
difference  is  found  to  arife  from  the  compound  mo- 
tion of  the  earth  in  its  orbit,  and  of  the  rays  of  light. 

P  R  O  B.    XXII. 

To  find  the  orbit  of  a  comet '.  5$', 

This  is  the  mod  troublefome  piece  of  work  in 
the  whole  practice  of  Aftronomy.  For  the  necef* 
fary  data  for  determining  their  orbits,  cannot  be 
had  here,  as  may  for  determining  thofe  of  the 
planets.     The  reafon  is,  that  none  of  them  is  vi- 

N  2  fibfc 


,8o       ELEMENTARY 

pjcr.  fible  for  its  whole  revolution,  but  only  for  a  veff 
cq.  fmall  part  of  it.  And  therefore  a  comet  is  very 
feldom  feen  in  conjunction  or  oppofition  to  the 
fun ;  and  feldom  at  its  node,  in  the  plane  of  the 
ecliptic.  So  that  it  is  but  in  a  fmall  part  of  their 
orbits,  that  one  can  make  any  obfervations  upon 
them  •,  and  no  man  has  the  opportunity  of  feeing 
the  fame  comet  twice,  as  they  return  not  till  after 
a  great  number  of  years.  Therefore  a  comet  can- 
not be  obferved  twice  in  the  fame  node,  nor  in  any 
one  place ;  fo  that  we  are  deftitute  of  thofe  me- 
thods of  obferving,  which  we  can  make  ufe  of  to 
find  a  planet's  orbit. 

Under  thefe  difficulties,  we  are  forced  to  call  in 
all  the  helps  we  can  get ;  and  after  all,  it  cannot 
be  done  by  any  direct  method.  For  it  is  of  fo  compli- 
cated a  nature,  that  it  can  only  be  folved  by  fre- 
quent trials.  And  to  this  end,  different  people 
have  invented  different  methods  of  proceeding; 
and  all  of  them  affume  an  orbit  at  pleafure,  and 
where  they  find  the  obferved  places  do  not  agree, 
they  correct  it  after,  by  repeated  trials,  till  with 
great  labour,  they  at  laft  get  it  to  correfpond  with 
the  obfervations.  And  that  is  when  the  computed 
places  agree  with  the  obferved  ones.  The  method 
1  fnall  here  purfue  is  rather  a  method  for  proving 
the  truth  of  an  orbit  already  found  out,  than  a 
method  for  finding  one.  Tho',  like  all  the  reft,  it 
may  be  corrected  time  after  time,  till  it  be  as  per- 
fect as  poffible. 

As  all  the  planets  move  in  ellipfes,  approaching 
very  near  to  circles ;  fo  the  comets,  at  leaft  thofe 
that  return,  revolve  in  very  long,  and  excentric  el- 
lipfes, approaching  very  near  to  parabolas.  And 
in  that  fmall  part  of  the  orbit,  in  which  a  comet  is 
vifible,  there  is  no  fenfible  difference.  Therefore 
we  are  to  fuppofe  that  any  comet  moves  in  a  pa- 
rabola about  the  fun,  placed  in  the  focus  thereof. 

And 
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And  therefore  what  we  have  to  do  is  to  find  the  Fig. 
magnitude  and  fituation  of  a  parabola,  in  refpect  59. 
of  the  ecliptic  ;  fo  that  a  comet  moving  therein, 
may  have  all  its  computed  places,  the  fame  as  thofe 
obferved  from  the  earth.  And  the  feveral  elements 
of  a  comet's  orbit  are  thefe, 

1.  The  place  of  the  node. 

2.  The  inclination  of  the  plane  of  its  orbit. 

3.  The  perihelion  diftance  from  the  fun. 

4.  The  place  of  the  perihelion  in  the  comet's 
prbit. 

5.  The  time  of  its  being  in  the  perihelion. 
Before  one  can  attempt  to  calculate  the  orbit  of 

a  comet,  a  fufficient  number  of  obfervations  ought 
to  be  taken,  of  the  places  of  the  comet.  Out  of 
which  three  felecl  ones  muft  be  taken,  fuitable  to 
the  purpofe ;  by  help  of  which  this  buiinefs  is  to  be 
effected.     Therefore, 

1.  As  fbon  as  ever  the  comet  is  feen  to  appear, 
begin,  to  make  your  obfervations.  And  every 
night  about  the  fame  time  which  muft  be  exactly 
noted^  obferve  the  place  of  the  comet,  among 
the  fixt  ftars,  by  taking  its  diftance  from  twa 
known  ftars,  and  continue  to  do  this  as  long  as  the 
comet  appears ;  for  notwithstanding  all  your  care, 
there  will  happen  many  cloudy  and.  rainy  nights, 
when  no  obfervations  can  be  made  ;  and  therefore 
no  opportunities  ihould  be  miffed. 

2.  At  the  times  yqu  are  obferving  the  places  of 
the  comet,  take,  its  apparent  diameter,  if  it  can 
be  done.  By  this  means  you  may  form  a  judgment 
of  the  diftance  of  it  at  different  times ;  and  parti- 
cularly, you'll  know  from  its  greateft  and  leaft  dia- 
meters, when  it  is  neareft  to,  or  fartheft.  from  the. 
earth. 

3.  Obferve  alfo  its  degree  of  motion^  and  its 
brightnefs,  and  the  length  of  its  tail;  For  when 
youJind  it  mqyes  fwifteft  or  appears  brighteft,  you 

N  3,  may.. 
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Fig.  may  judge  it  to  be  about  the  perihelion  •,  tho'  the 
59.  tail  will  grow  longer  for  a  while  after  it  is  paft  the 
perihelion. 

4.  With  all  the  diligence  imaginable,  obferve  the 
place  of  the  comet  when  it  has  no  latitude,  and  the 
exact  time  when  that  happens,  for  then  it  is  in  the 
node.  But  if  that  time  cannot  be  had  exactly,  make 
feveral  obfervations  as  near  as  you  can  to  the  time, 
Jaoth  before  and  after.  By  help  of  which  obferva- 
tions, you  may  find  the  exact  time  and  place  by 
the  method  of  interpolation,  defcribed  in  Prop.  VIL 
of  the  differential  method. 

5.  After  you  have  obferved  the  place  of  the  co- 
met among  the  fixt  ftars,  you  rauft  calculate  its 
longitude  and  latitude,  at  that  time.  And  the  fame 
mult  be  done  for  all  the  obfervations.  Then  all  the 
latitudes  and  longitudes,  muft  be  fet  down  regu- 
larly in  a  table,  with  the  times  of  their  happening 
reduced  to  mean  time. 

6.  The  place  of  a  comet  among  the  fixt  ftars 
may  eafily  be  found  at  any  time  by  extending  a 
thread  thro'  the  comet  and  fome  two  known  ftars  ; 
which  fall  in  a  right  line  with  it ;  and  then  extend- 
ing; another  thread  crofs  of  the  firft  thro*  two  other 
ftars  running  in  a  line.  For  the  point  of  interfec- 
tion  of  the  threads,  being  the  place  of  the  comet, 
becomes  known,  and  the  longitude  and  latitude 
thereof  is  eafily  found. 

Thefe  things  being  laid  down,  we  muft  proceed 
to  the  calculation.  It  is  evident  both  by  obferva- 
tions, and  the  laws  of  centripetal  force,  that  the 
planets,  and  alfo  the  comets,  defcribe  areas  propor- 
tional to  the  times  in  their  respective  orbits. 

7.  Therefore  fuppofe  NAC  to  be  the  parabolic 
orbit  of  a  comet,  PD  its  axis,  S  the  focus  where 
the  fun  is,  and  P  the  perihelion.  And  let  A,  B, 
C,  be  three  obferved  places  of  the  comet  in  its 
orbit,  taken  at  a  good  diftance  from  one  another. 

Let 
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Let  RGI  be  the  earth's  orbit ;  and  let  the  earth  be  Fig. 
at  G,  H,  and  I,  when  the  comet  is  at  A,  B,  and  C.  59. 
Put  V  zz  time  between  the  firft  and  fecond  obfer- 
vation  A  and  B,  and  W  the  time  between,  the  fe- 
cond and  third  B  and  C.  From  the  focus  S,  draw  SA, 
SB,  SC.  And  from  A,  B,  C,  let  fall  the  per- 
pendiculars Aa,  B£,  O,  upon  the  plane  of  the  eclip- 
tic ;  and  cbaN  is  the  projection  of  the  orbit  CBAN, 
upon  the  ecliptic.  Let.  1  zz  mean  diftance  of  the 
earth  from  the  fun,  d  zz  parameter  of  the  earth's 
orbit,  r  zz  latus  rectum  of  the  parabola  CAN,  or 
SP  zz  ^r,  SA  zz  xy  SB  zz  j,  SC  zz  z..  S  and  t 
zz  the  areas  defcribed  by  the  earth  in  the  times  V 
and  W,  which  are  known. 

8.  Then  (by  Cor.  2.  Prop.  XVI,  centrip.  forces) 
it  will'  be* 

r 
s/d  :  \/r  :  :  S  :  s^/-j  ~  area  defcribed  by  the  cor 

met  in  the  time.  V.  And- 


r 


yfd  :  \/r  :  :  /  :  t\/~~l  zz  area,  defcribed :.by.  the  co- 
met in  the  time  W. 

V        1        O.X  '■'■''  '         "'  ~    ' 

But  the  area  ASP  zz  — "Mtfh  -—  ~  rry 

12,  *r's   - 

r  -f-  iy-  y  — — — — 
ana  area  BSP  zz  -vry  —  £,  rr^ 

t       r-h  2z    . 

and  area  CSP  zz  — — ■ — vrz  —  i  rr. 

Whence  ( 1 )  the  area  BSA  zz 

7+  27;  j r  -f-  2x    . r 

— - s/ry  —  Itr.  ■—      J2    Vrx  —  \rr  zz  s^' 

(2)  area  CSB  zz 
r  +  2Z    .— r  +  zy    , ;  & 

N.  t  (See 
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Fig.  (See  my  book  of  Fluxions,  Ex.  8 .  Prob.  X.  Se£t. 

59.  II.  for  thefe  areas). 

Again,  in  any  parabola  PABC  (fig.  61.),  if  an 

ordinate  CD  be  drawn  to  the  axis  PD,  thro'  any  of 

the  points  as  C,  and  CS  be  drawn  to  the  focus  S. 

Then  (Cor.  2.  Pr.  I.  B.  III.  Conic  Seftions)  DS  + 

2SP  =  CS,  or  DS  =  CS  —  \r.     But  by  trigono- 

DS      CS~  ir 
metry  CS  :  rad  ( 1 )  :  :  DS  :  p^  or  — tfes —  a  cof. 

CSD.     Thus  we  mall  have  cof.  ASD  ==  1  — 

—  or  —  —  1,  cof.  BSD  =  1  —  —  >  cof.  CSD  =  1 
2X       2X  ly 

r 

22 

9.  Then  to  find  the  place  of  the  node,  and  the 
inclination  of  the  orbit,  near  the  truth.  Take  the 
two  obfervations  neareft  the  node,  as  A  arid  B. 
And  transferring  them  to  a  feparate  figure  (as  fig. 
60.)  let  ban  be  the  ecliptic,  BAN  the  comet's  or- 
bit. Draw  the  great  circle  bA.  Then  in  the  right 
angled  fpherical  triangle  baA,  right  angled  at  ay 
we  have  ba,  the  difference  of  longitude  of  B  and 
A,  and  a  A  the  latitude  at  A  ;  to  find  the  fide  bA9 
and  angles  abA  and  bAa.  Whence  the  angle  BbA 
is  known,  Bba  being  a  right  angle.  Then  in  the 
fpherical  triangle  £BA,  we  have  the  fides  bB,  the 
latitude  at  B,  and  bA  lately »found,  and  angle  BbA  ; 
to  find  the  angle  BAb.  Then  bAB  +  bAa  taken 
from  180  degrees,  leaves  a  AN.  Therefore  in  the 
right  angled  triangle  AaN,  having  the  angle  aANy 
now  found ;  and  a  A  the  latitude  at  A;  to  find 
«N,  the  diflance  of  the  node  from  a  ;  and  the  an- 
gle ANtf  the  inclination  of  the  orbit.  Thefe  are 
near  enough  the  truth,  to  begin  the  computation 
with. 

10.  Now  if  we  had  any  two  of  the  quantities  r, 
x3  j,  z,  the  two  equations  in  Art.  8.  would  find 

the 
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the  reft ;  and  the  earth  being  at  G  when  the  comet  Fig. 
is  at  A  ;  draw  Stf,  and  draw  af  perp.  to  SN,  alfo  59. 
draw  Af.     Firft  then,  from  the  quick  or  flow  mo- 
tion of  the  planet  at  P,  you  muft  judge  of  the  pe- 
rihelion diftance  SP,  and  alfo  of  its  diftance  from 
the  node.     Therefore  fuppofe  SP,  SA,  and  the  an- 

He  PSN  to  be  given.     Then  we  have  —  —  1  the 

cofine  of  the  angle  ASP*  therefore  that  angle  is 
given,  to  which  add  the  angle  PSN,  and  then  the 
angle  ASN  is  kno#n.  Therefore  in  the  plain  tri- 
angle AS/  right  angled  at  /,  we  have  the  angle 
AS/,  and  fide  AS  ;  to  find  A/,  and  Sf.  Then  in 
the  triangle  Aaf,  right  angled  at  a,  we  have  A/ 
now  found,  and  angle  Afa,  the  inclination  of  the 
orbit  ;  to  find  A#,  and  af  Again  in  the  right  angled 
triangle  S/z,  there  are  given  Sf.fa ;  to  find  So* 
and  angle  fSa,  and  its  fupplement  KSa  will  be 
known.  But  having  the  place  of  the  earth  in  its 
orbit  at  G,  we  have  the  angle  RSG  to  which  add 
RS<3,  and  we  have  the  fum  GS^z.  Therefore  in 
the  triangle  GSa,  we  have  GS  the  earth's  diftance 
from  the  fun,  Sa  found  before,  and  the  angle  GSa$ 
to  find  Ga,  arid  angle  SGa,  the  longitude  of  the 
comet  from  the  fun  at  the  firft  obfervation.  Laft- 
ly,  in  the  right  angled  triangle  G^A,  we  have  Ga 
and  Aa,  to  find  the  angle  AG^,  the  latitude  of 
the  comet  at  the  firft  obfervation.  If  thefe  agree 
with  the  obferved  longitude  and  latitude,  it  is  very 
well ;  if  not,  we  muft  begin  the  computation  a- 
new,  by  afTuming  fome  other  values  for  r,  x,  and 
angle  PSN  ;  which  we  muft  do  by  confidering  whe- 
ther they  muft  be  bigger  or  leffer,  to  caufe  the 
alterations  required. 

11.  To  proceed  then,  having  affumed  nearer  va- 
lues for  the  lines  r,  #,  and  angle  PSN;  the  com- 
putation muft  be  repeated.  But  in  order  to  efli- 
mate  the  values  of  r,  and  sc ;  find  the  place  of  the 

earth. 
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Fig.  earth  at  E,  when  the  comet  was  observed  to  be  iri 
59,  the  node  at  N.  At  that  time  the  elongation  from 
the  fun,  or  the  angle  SEN  is  known ;  fo  that  if  we 
can  judge  nearly  the  pofition  of  SN,  its  length  will 
be  nearly  known.  Thus  r,  x,  and  angle  PSN  being 
again  afiumed,  the  computation  muft  be  repeated 
as  before,  thro'  all  the  triangles,  AS/,  Aaf  Sfa9 
GSa,  and  GaA  -,  to  find  A/,  S/;  A#,  af-9  Sa,  and 
laftly  Ga ;  and  from  thence  the  angles  SGa,  AGa  ; 
which  angles  muft  be  compared  with  the  obferved 
longitude  and  latitude  of  the  comet  at  A.  When 
thus  after  feveral  computations  you  come  near  the 
truth,  you  may  find  out  the  errors  at  laft,  by  the 
rule  of  falfe. 

12.  The  values  of  r  and  x  being  had,  the  value 
Of  y  is  found  by  the  ill  equation,  Art..  8.     And 

then  we  have  1  —  —  the  cofine  of  BSD,  whence 
iy 

BSR  is  known,  Then  the  computation  muft  be 
carried  on  for  the  point  B,  as  it  was  before,  for 
the  point  A  ;  by  calculating  in  the  triangles  BS*/, 
BJD,  Sdb,  HS£,  HJB ;  to  find  Bd,  Sdy  Bb,  bd9 
S£,  Hb,  and  the  angles  SHB  the  comet's  longi- 
tude from  the  fun,  and  BHb  the  latitude  y.  which 
are  to  agree  with  the  obferved  longitude  and  lati- 
tude at  B.  But  if  they  do  not  agree,  either  r  and 
x  muft  be  altered  in  a  given  ratio,  or  the  angle 
PSN  muft  be  taken  different ;  and  the  whole  com- 
putation muft  be  gone  over  again  feveral  times,  if 
there  is  occafion  ;  till  at  laft  the  obferved  and  com- 
puted longitudes  and  latitudes  are  found  to  agree. 

13.  Having  thus  got  the  value  of  y,   the  value 
of  z  will  be  found  from  the  fecond  equation,   Art. 


r 


8.  whence  is  had  1  —  —  the  cofine  of  the  angte 

2Z 

CSD,  whence  is  had  CSR.     Then  the  fame  com- 
putations muft  be  applied  to  all  the  triangles  in  the 

figure 
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figure  Ccls,  as  was  before  to  thofe  in  the  figures  Fig, 
•B&/S,  and  AafS ;  till  at  laft,  you  get  the  angles  59. 
Sic,  the  comet's  longitude  from  the  fun  ;  and  dC 
the  comet's  latitude  at  fea  ;  which  muft  agree  with 
thefe  obferved,  or  elfe  the  whole  computation  muft 
be  repeated,  till  they  do  agree. 

14.  If  one  of  the  obfervations  be  taken  when 
the  comet  is  in  the  node  at  N ;  it  will  very  much 
facilitate  the  computation.  For  at  that  time,  it 
will  have  no  latitude  ;  and  the  longitude  or  elonga- 
tion from  the  fun  is  the  fame  as  the  obferved  dis- 
tance from  him  (SEN)  at  that  time.  Alfo  cof.  NSP 

r  r  +  2SN 

or  NSD  =  1  —  -rrf  •,  and  area  NSP  — 

2SN'  12 

A/rX  SN  —  ~rr,  which  is  proportional  to  the  time 
of  its  defcription. 

And  moreover,  if  the  comet  be  in  the  perihelion 
at  another  of  the  obfervations,  the  computation 
will  be  eafier  Hill.  Therefore  try  to  get  thefe  two 
places  by  Art.  3.  and  4.  and  the  times  correfpond- 
ing.  All  which  may  be  had  near  the  matter,  from 
feveral  obfervations,  by  the  method  of  interpolation. 

For  let  N,  A,  B,  be  the  three  obferved  places 

of  the  comet  from  the  earth  at  G,  H,  I ;  N  the 

node,  A  the  perihelion.     Let  fall  Aa,  Bi>  perp.  to 

the  plane  of  the  ecliptic.     And  compleating  the 

figures  SAaf,  and  SB^,  as  in  Art.  7.  And  putting 

SN  —  x9  SB  —  v,  SA  —  p,  then  we  fhall  have  as 

2p  4-  x 

in  Art.  8.  area  ASN   zz y/px  —  pp  =: 

3 

r  ip  -f-  v 

Sv/~t'  and   area  ASB    —   ■ y/py  — pp    22 

a  3 

f x/j>  and  cof.  ASN   =  —  —  i5  and  coC  ASB 

zz  ~  —  1.     Aflame  the  angle  SNG  or  fide  SN, 

fuppofe  the  angle  SNG  j  and  SGN  being  known 

by 
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Fig.  by  obfervation,  and  the  fide  GS ;  then  SN,  and 
59.  the  angle  GSN  will  be  known.     Then  putting  for 

ip  +  x  r 

SN  or  x,  its  value  in  the  equation vpx — pp 

r  4p 

=  S\Zt  —  Sv/~p  and  tne  value  of  p  will  be 

had  from  this  equation.     From  this  value  of  p  or 
SA,    compute    the   value  of  y  in   the    equation 

ip  -\-y    -. 4p 

* — - — vpy  — pp  zz  ty/~j-  -,  then  having  p,  x,  and 

o  a 

y,  we  fhall  have  the  angles  ASN  and  ASB,  by- 
having  their  cofines.  Then  in  the  figure  AaSf> 
affuming  the  inclination  of  the  orbit  Afa,  you  muft 
compute  all  the  lines  A/,  Sf,  Aa,  af  Sa,  and  Ha, 
as  in  Art.  10.  And  from  thence  the  angles  SHa9 
AH*?,  the  longitude  and  latitude  of  the  comet ; 
which  are  to  be  the  fame  with  the  obferved  longi- 
tude and  latitude ;  but  if  they  are  not,  the  incli- 
nation Afa  muft  be  altered  till  they  do  agree. 
Then  in  like  manner  in  the  figure  BbdS>  all  the 
lines  Bd,  Sd,  B£,  bdy  Sb,  and  IB  muft  be  com- 
puted as  in  Art.  12-  and  then  the  angles  Sib  and 
Bib,  the  longitude  and  latitude  of  the  comet.  And 
thefe  muft  alfo  agree  with  the  obfervations  at  I,  but 
if  they  do  not,  the  computation  muft  be  perform- 
ed over  again  from  the  beginning,  by  altering  the 
value  of  the  angle  SNG.  For  the  values  of  the 
two  angles  SNG  and  Afa  or  Bdb,  muft  be  of  fuch 
determined  magnitudes,  that  the  computed  longi- 
tudes and  latitudes  at  A  and  B,  may  be  the  fame 
as  the  obferved  ones.  And  the  operations  muft  be 
repeated, '  by  altering  their  values  a  little,  time  af- 
ter time,  till  at  laft  they  prove  fo,  and  then  the 
orbit  is  known.  And  this  is  the  eafieft  way  it  can 
be  done.  But  it  may  happen  that  the  perihelion  is 
not  rightly  taken ;  and  then  it  muft  be  altered  a 
little,  in  the  courfe  of  the  computation,  before  all 
things  will  agree.     It  may  not  be  amifs  at  the  firft 

trial, 


m* 
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trial,  to  fuppofe  the  comet's  orbit  perpendicular  to  Fig. 
the  ecliptic ;  for  then  the  error  will  fooneft  be  made  59. 
to  appear,  and  is  foon  corrected. 

Cor.  1.  If  J?  be  the  perihelion,  S  the  fun  in  the 
focus,  p  =  SP  the  perihelion  diftance,  B  any  place  of 
the  comet,  its  diflance  SB  zz  y,  and  PSD  the  axis  of 
the  parabola.  Then  the  cofine  of  the  angle  BSD  —  1  — 

~;  crthecof.VSB  =  -f  —  1. 
For  (by  Art.  8.)  cof.  BSD  =  1  —  ~  zz   1  '% 

JLp  2p 

—  =-  1  —  — >  becaufe  40  =  r. 
ay  /  y  f 

2p  -{-y   y — 

Cor.  2.  The  area  PSB  = s/py  —  yy. 

3 

For  that  area  zz Vry  —  ~  rr  (by  Art.  8.) 

4P  +  2y /— —       2j>  +y  y 

.= — ;~v^-#  -  — - — vpy—yy. 

Cor.  3^  /ft#rc  more  comets  will  he  feen  in  the  he~ 
mifphere  next  the  fun  than  in  the  oppojite  one. 

For  a  comet  cannot  be  feen  till  it  be  ftrongly  il- 
luminated by  the  fun,  and  therefore  mull  be  with- 
in a  certain  diftance  of  him.  And  if  a  fpherical 
lurface  be  defcribed  at  that  diftance  about  the  fun, 
and  if  it  be  cut  by  a  plane  paffing  thro'  the  earth ; 
that  fegment  of  it,  in  which  the  fun  is,  will  be 
greater  than  the  other  ;  and  therefore  more  comets 
will  be  feen  in  it.  Alfo  comets  will  be  feen  at  a 
greater  diftance  towards  the  fun,  where  they  are 
ftrongly  illuminated,  than  in  the  oppofite  points, 
where  they  are  weakly  illuminated ;  and  therefore 
more  of  them  will  be  feen  towards  the  fun. 


OCHO- 
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Fig-  c 

Scholium. 

The  apparent  way  of  a  comet  is  eafily  traced  up- 
on a  celeftial  Globe.  For  if  the  place  of  the  comet 
among  the  fixt  ftars  be  obferved  every  night,  and 
marked  on  the  globe ;  then  a  line  drawn  thro*  all 
thefe  places,  will  reprefent  the  path  of  the  comet 
among  the  ftars.  And  thus  a  great  circle  drawn 
thro'  two  places  of  the  comet  upon  the  globe,  will 
nearly  (hew  the  way  it  has  to  go.  And  this  circle 
being  drawn  till  it  interfects  the  ecliptic,  will  fhew 
the  place  of  the  nodes.  And  the  angle  it  makes 
with  the  ecliptic,  will  be  the  inclination  of  its  orbiu 

If  the  length  of  the  tranfverfe  axis  of  a  comet's 
orbit  was  known,  its  periodic  time  would  be  known; 
and  then  the  times  of  their  return  might  be  pre- 
dicted. But  as  they  are  a  long  time  in  making 
their  periods,  fome  of  them  being  feveral  hundred 
years  in  revolving  •,  and  as  we  have  no  obfervations 
of  former  ages  above  200  years,  that  can  be  de- 
pended on,  it  happens,  that  the  return  of  above 
one  or  two  of  them  cannot  be  predicted  with  any 
certainty.  Therefore  the  finding  out  their  feveral 
periods  muft  be  the  work  of  future  ages. 

Here  follows  a  table  of  the  principal  comets 
that  have  been  hitherto  duly  obferved. 


A  Table 
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/f  Tab  l  e 

Year  of 

Afcending 

Inclination 

Place 

of 

the 

Appea- 
rance. 

N 

ode. 

ofth 

0 

eOrbit. 

Peri 

helion. 

0 

1 

it 

0 

/ 

11 

1337 

84 

21 

0 

32 

1 1 

0 

37 

59 

0 

1472 

281 

46 

20 

5 

20 

0 

45 

33 

30 

1531 

49 

25 

0 

'7 

5* 

0 

301 

39 

0 

1532 

80 

27 

0 

32 

3& 

0 

in 

7 

0 

155$ 

1577 

*7S 

42 

0 

32 

74 

6 
32 

3° 
45 

278 

50 

0 

25 

S2 

0 

129 

22 

0 

J  580 

18 

57 

20 

64 

40 

0 

109 

5 

5° 

I?85 

37 

42 

3° 

b 

4 

0 

8 

51 

0 

1590 

to? 

30 

40 

29 

40 

40 

216 

54 

3° 

1593 
1596 

164 
312 

»4 

12 

*5 

3° 

87 

55 

58 

J2 

0 
0 

176 

'9 

0 

228 

16 

0 

1607 

S° 

21 

0 

'7 

2 

0 

302 

16 

0 

1618 

76 

1 

0 

37 

34 

0 

2 

■4 

0 

1652 

88 

10 

0 

79 

20 

0 

28 

18 

40 

1661 

82 
8i 

3° 
H 

3° 
0 

32 

35 

50 

"5 

5« 

40 

1664 

21 

18 

30 

130 

41 

20 

1665 

228 

2 

0 

76 

5 

0 

7i 

54 

30 

1672 

297 

3° 

30 

«3 

22 

10 

46 

59 

30 

1677 

236 

49 

10 

79 

3 

*5 

137 

37 

5 

1680 
1682 

272 

2 

0 

60 

50 

0 

262 

39 

30 

">I 

16 

3° 

l7 

56 

0 

302 

52 

45 

1685 

*71 

2  3 

0 

83 

1 1 

0 

85 

29 

3° 

1684 

268 

»S 

0 

65 

48 

40 

238 

52 

0 

16S6 

390 

34 

40 

3i 

21 

40 

77 

0 

3° 

1698 
1699 

267 
141 

44 
4? 

»5 

35 

11 

46 

0 

270 

51 

15 

69 

20 

0 

212 

31 

6 

1702 

189 

25 

*5 

4 

30 

0 

138 

4' 

3 

1706 

13 

11 

40 

55 

14 

10 

72 

29 

10 

1707 

52 

46 

35 

88 

36 

0 

79 

54 

5° 

1718 

128 

43 

0 

5° 

20 

0 

121 

3° 

0 

^-3 

H 

16 

0 

49 

59 

0 

42 

52 

20 

1729 

310 

32 

37 

70 

S« 

4 

322 

40 

0 

1737 

226 

22 

0 

18 

20 

45 

325 

55 

0 

J739 

27 

25 

14 

55 

42 

44 

102 

38 

40 

'742 
J743 

18? 

3« 

29 

66 
2 

59 
19 

14 

33 

217 

35 

n 

78 

21 

IS 

92 

41 

45 

'744 

45 

46 

ii 

47 

5 

18 

197 

10 

0 

'747 

3-7 

18 

5° 

79 

b 

20 

277 

2 

0 

1748 

232 

52 

J5 

8S 

27 

0 

215 

0 

5° 

In  this  Table  the  1  ft  column  contains  the  Years  of  appear- 
ing. The  2d,  the  longitude  of  the  afcending  node,  reckoned  in 
the  comet's  orbit.  The  3d,  the  inclination  of  the  orbit,  to  the 
plane  of  the  ecliptic.  The  4th,  the  place  of  the  perihelion  in 
the  comet's  orbit.  The  5  th,  is  the  perihelion  diftance,  fuppofing 

the 
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Of  Comets. 

Perihel. 

Log.   Perihelion 

Mean  time  of 

Diftance. 

Diftance. 

the  Perihelion. 

Motion. 

M       d      h     m 

.40666 

— 1.609236 

une     2       6     25 

Retrograde 

•54273 

—  '•734584 

?eb.   28     22     23 

Retrogr. 

.56700 

— '-753583 

Aug.  24     21      18 

Retrogr. 

.50910 

— 1.706803 

Oft.    19     22      12 

Direft 

.46390 

— 1.666424 

Apr.   21      20       3 

Direct 

.18342 

—1.263447 

Oct.    26     18     45 

Retrogr. 

.59628 

—  1-77545° 

Nov.  28     15       0 

Direft 

1.09358 

0.038850 

Sept.  27     19     20 

Direft 

.57661 

—1.760882 

Jan.    29       3     45 

Retrogr. 

.08911 

—2.949940 

July      8     13     39 

Direct 

•5I293 

—1.710058 

July    31      ,9     55 

Retrogr. 

.58680 

— 1.768490 

Oft.    16      3    50 

Retrogr. 

•37975 

—1.579498 

Oft.    29     12     23 

Direft 

.84750 

—  1. 928140 

Nov.     2     15     40 

Direa 

.44851 

— 1.651772 

Jan.     16     23     41 

Direa 

1.02575 

0.011044 

Nov.  24     11     52 

Retrogr. 

.10649 

— 1.027309 

Apr.    14       5-15 

Retrogr. 

.69730 

—1.843476 

Feb.    20       8     37 

Direft 

.28059 

— 1.448072 

Apr.   26      0     37 

Retrogr. 

.00612 

— 3.787106 

Dec.     806 

Direa 

.58328 

—1.765877 

Sept.    4       7     39 

Retrogr. 

.56020 

—»-748343 

July      3       2     50 

Retrogr. 

.96015 

—  1.982339 

May   29     10     16 

Direa 

.32500 

—1.511883 

Sept.    6     14     33 

Direa 

.69129 

— 1.839660 

Oft.      8     16     57 

Retrogr. 

.74400 

—  1.871570 

Jan.       3       8     23 

Retrogr. 

.64590 

— 1.810165 

Mar.     2     14     13 

Direa 

.42581 

—1.629218 

Jan.     19       4     23 

Direa 

.85974 

—  1.934368 

Nov.  30    23     3c 

Direa 

1.02654 

0.01 1380 

Jan.      3     23     39 

Retrogr. 

.99865 

—  1.999414 

Sept.  16     16     ii 

Retrogr. 

4.2614 

0.629552 

June   14     10     57 

Direa 

.22282 

—1.347960 

Jan.     19       8     21 

Direa 

•67358 

—1.828388 

June     6     10       c 

)  Retrogr. 

.7656S 

— 1.884049 

Jan.    28       4     3c 

)  Retrogr. 

.83501 

—  1. 921690 

Dec,   30     20     2c 

)  Direft 

.22249 

—  »-347325 

Feb.    19       8       t 

f  Direft 

2.1985 

0.342128 

Feb.    20       7     1 

Retrogr. 

.84067 

— 1.924624 

Apr.    17     19     z( 

j  Retrogr. 

the^  mean  diftance  of  the  earth  to  be  1 .  The  6th,  the  lo- 
garithm of  the  perihelion  diftance.  The  7th,  the  mean  time, 
at  London,  of  the  comet's  being  in  the  perihelion.  The  8th,  the 
motion  of  the  comet,  whether  direft  or  retrograde. 

O  S  EC  T. 
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SECT.      V, 

The  Theory  of  the  Primary  Planets  and 
Comets,  The  Calculation  of  their 
Places  The  Equation  of  Time,  The 
Times  when  the  Planets  are  Jlatio?ia~ 
ry  ;  when  they  tranfit  the  Sun  \  when 
tn  Conjunction.  Their  Quantities  of 
Matter^  Diameters,  Denftiesy  Fi- 
gures, Weight  on  their  Surfaces ; 
and  their  Sl&ions  upon  one  another* 


AVING  in  the  lafl  Sect,  determined  the  or- 
bits of  the  planets,  and  all  things  relating 
thereto,  viz.  their  periodic  times,  the  tranfverfe 
axis  and  excentricity  of  their  orbits,  the  inclinations 
of  their  orbits,  the  places  of  the  node  and  aphe- 
lion, and  the  time  of  pafling  thro'  the  aphelion. 
In  what  follows,  we  muft  fuppofe  all  thefe  things 
known,  which  are  the  neceffary  data  to  proceed  up- 
on, in  calculating  the  places  of  the  planets  in  their 
feveral  orbits,  for  any  given  time.  And  in  order  to 
lay  down  proper  rules  for  this  purpofe,  we  muft 
have  recourfe  to  the  laws  of  Centripetal  Force,  be- 
fore laid  down,  on  which  all  their  motions  depend. 
New  it  is  evident  from  the  moft  accurate  oblerva- 
tions,  i.  That  all  the  planets,  amongft  which  is 
the  earth,  move  in  elliptic  orbits  about  the  fun, 
pi  ced  in  the  focus  thereof.  2.  That  each  planet  in 
its  own  orbit,  defcribes  areas  about  the  fun,  propor- 
tional to  the  times  of  defcription,  included  be- 
tween 
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tween  right  lines  drawn  from  the  fun  to  the  planet.  Fig. 
3.  That  in  different  planets,  the  fquares  of  the  pe- 
riodical times  are  as  the  cubes  of  the  tranverie  axes 
of  the  orbits  •,  or  the  cubes  of  the  mean  diftances 
of  the  planets,  from  the  fun.  From  whence  it  fol- 
lows, by  the  laws  of  Centripetal  Force,  that  their 
forces  of  gravitation  towards  the  fun,  by  which 
they  are  retained  in  their  feveral  orbits,  are  at  dif- 
ferent diftances,  reciprocally  as  the  fquares  of  thefe 
diftances.  And  this  is  the  grand  law  by  which  all 
the  bodies  in  the  univerfe  act  upon  one  another. 
And  therefore  whatever  has  been  demonftrated,  in 
the  doctrine  of  centripetal  forces,  upon  the  fuppo- 
fition  of  this  law,  muft  be  taken  for  granted,  in 
all  aftronomical  theories  or  calculations  whatever. 

DEFINITIONS. 

D  E  F.     I. 

The  true  anomaly  of  a  planet  is  the  angle  ASN  64* 
at  the  fun  S,    comprehended  between  the  aphelion 
A,  and  the  planet  at  N  in  its  orbit.     Or  from  the 
perihelion,  for  a  comet. 

D  E  F.      II. 

The  mean  anomaly,  is  an  angle  ASG,  taken  pro- 
portional to  the  time  of  the  planets  moving  from 
the  aphelion  A  to  the  place  N  in  its  orbit.  An 
arch  of  a  circle,  or  the  area  ANS  of  the  ellipfis, 
may  alfo  be  taken  for  the  mean  anomaly. 

This  angle  ASG  increafes  uniformly  with  the 
time,  or  with  the  area  ANS.  And  therefore  the 
motion  of  SG  round  the  center  S,  is  called  the 
mean  motion. 

D  E  F.     III. 

The  equation  is  the  angle  NSG,  or  the  difference 
between  the  true  and  mean  anomaly.  This  alio 
is  called  the  Proftbapb<ereJis. 

O  2  DJEF. 
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Fig. 


64. 
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D  E  F.    IV. 

Heliocentric  place,  heliocentric  longitude,  and  heli- 
ocentric latitude  of  a  planet,  is  the  place  of  a  pla- 
net, or  its  longitude,  and  latitude,  as  feen  from 
the  fun. 

D  E  F.     V. 

Geocentric  place,  geocentric  longitude,  and  geocen- 
tric latitude  of  a  planet,  is  the  place  of  a  planet, 
or  its  longitude,  and  latitude,  as  it  appears  from 
the  earth. 

D  E  F.  VI. 
65.  If  S  be  the  fun,  E  the  earth,  P  the  planet,  and 
PB  perp.  to  the  ecliptic.  Then  in  the  triangle 
EPS,  or  EBS  reduced  to  the  ecliptic  •,  the  angle 
of  commutation  is  the  angle  at  the  fun  ESP  or  ESB, 
•contained  between  the  earth  and  the  planet.  The 
angle  of  elongation  is  the  angle  at  the  earth  PES  or 
BES,  contained  between  the  fun  and  the  planet. 
And  the  parallax  of  the  orbit  is  the  angle  at  the 
planet,  or  at  its  place  in  the  ecliptic,  EPS  or  EBS, 
contained  between  the  fun  and  earth. 

Here  AE  is  the  earth's  orbit,  NPC  the  planet's 
orbit,  NB  its  orbit  reduced  to  the  ecliptic,  HSN 
the  line  of  the  nodes,  N  the  afcending  node. 

D  E  F.      VII. 

The  Curtate  Dijiance  of  a  planet  from  the  fun,  or 
the  earth,  is  the  line  SB  or  EB,  drawn  from  the 
fun,  or  the  earth,  to  the  point  where  the  perpendi- 
cular from  the  planet,  cuts  the  ecliptic.  This  is 
.the  diftance  of  the  planet  from  the  fun,  or  the 
earth,  reduced  to  the  ecliptic. 

D  E  F.    VIII. 

The  Argument  of  latitude,  is  the  angle  at  the  fun 
NSP,  between  the  planet  and  its  afcending  node, 
Reckoned  in  the  planet's  orbit,  NPC. 

DEF. 
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D  E  F.     IX.  F6f* 

The  Radix,  is  the  place  of  a  planet  at  fome  re- 
markable point  of  time,  as  the  birth  of  Chrift,  &c. 
From  this  point,  all  the  motions  are  calculated  as. 
from  a  fixt  foundation. 

D  E  F.     X. 

Apparent  or  Jolar  time,  is  the  time  as  it  is  fhewn 
by  the  fun,  and  proceeds  fometimes  fader  and 
fometimes  flower. 

D  E  R     XL 

Mean  or  agronomical  time,  is  the  time  that  goes, 
uniformly  and  equably  forward,  without  any  acce- 
leration or  retardation.    This  is  called  True  Time*. 

D  E  F.    XII. 

The  Equation  of  time,  is  the  difference  between,, 
the  mean  and.  the  apparent  time. 

D  E  F.    XIII. 

Agronomical  day  or  year,  is  that  ufed  by  aftrono* 
mers.  The  day  begins  at  the  noon  of  the  preced- 
ing day,  and  ends  at  the  noon  of  the  following 
day  •,  and  the  hours  are  reckoned  from  1  to  24. 
And  the  year  begins  and  ends  on  the  lafl  day  of 
December  at  noon.  Aftronomical  time  is  12  hours 
before  the  vulgar  time.  (  And  thefe  beginnings  will 
he  different,  in  different  places,  according,  to  the 
difference  of  longitude. 

PROP;     I.     Proh 

Having  given  either  the  true  anomaly. ,  or  the  dif-  66* 
tance  of  a  planet  from  the  fun  -,    to  find  the  other* 
and  the  time  it  will  I  ether  e,  as  alfo  the  mean  anomaly % 

1   Way. 
The  periodical  time,  and  the  orbit  of  the  pla- 
cet, are  fuppofed  to  be  known,  as  alfo  the  time  of 

Q  3  ksh 
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Fig.  its  being  in  the  perihelion.  Let  PNAB  be  the  or- 
66.  bit,  S  the  fun,  C  the  center,  P  the  perihelion,  A 
the  aphelion ;  and  put  femitranfverfe  CP  —  #,  fe- 
miconjugate  CB  —  c,  excentricity  CS  —  »,  the 
diftance  of  the  planet  SN  zz  y,  its  periodic  time  :=: 
*,  cof.  angle  PSN  z=  z.  Then  (Cor.  3.  Prop. 
LXXII.  B.  I.  Conic  Sections)  we  have  SN  or  y  — 

or  y -—.    And  (by  Ex.  7. 


CA  +2XCS  a  +  zn 

Prob.  X.  Sect.  II.  Fluxions)  we  have  the  area  PSN 

.Ol7453^(?)  C        y 

rz ■ ~v —  cc  +  lay  — yy,  where  <p 

a  — y 
r=  decrees  in  the  arch  whofe  cofine  is •    But 

D  ft 

(Prop.  XI.  Centripetal  Forces)  the  area  is  as  the 
time ;  and  the  area  of  the  whole  ellipfis  is  zs 
3.141602  n  iSocaX  .01745;  then  it  will  be,  as 
whole  area  :  /  :  :  area  PSN  :  time  from  the  perihe- 

.0174530??/  ct\/ — cc  +  lay — yy 

2  X  1 80^ X. 01 745  2£fX  3.1416 

or  the  time  of  delcribing  SPN   —    —7-  — 

v_.  cc  +  2ay  zr^  puttingD  (inftead  of>)  for 

ia  x  3.1416 

the  number  of  degrees  in  the  arch  whofe  cofine  is 

a  —  y 

— i and  radius  1.     Therefore  if  y  be  given,  the 

laft  equation  gives  the  time  when  the  planet  arrives 

cc 

at  N  ;  and  fmce  y  ~ ,  therefore  ay  4-  zny 

a  +  zn 

tz.  cc,  and  z  zz 'I ;  therefore  the  angle  PSN, 

ny 

or  the  true  anomaly  is  given.  Or  if  z  or  the  true 
anomaly  be  given,  we  have  _y,  and  the  time  of  ar- 
riving at  n. 

And  if  half  the  periodic  time  be  added  to,  or 

fob- 
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fubtracted  from,  this  time  j  we  mall  have  the  time  Fig. 
of  its  moving  from  the  aphelion,  66. 

Again,  for  the  mean  anomaly,  as  the  whole  area, 
to  360  degrees ;  fo  any  part  of  the  area  PbN,  to 
the  mean  anomaly.     That  is,  3.1416^2  :  360  :  ; 

.017453^        C/ 1 : •OI745.^  _    • 

-  —  v  —  cc  4-  2  ay — yy  : ;  X 

2  2  '       J      JJ    2x3-1416 

360  v  —  cc  +  lay  ■— ~yy 

3  2  X  3.14.16a 

s/ — ^  +  2  ay  — yy  .         - 

q  — —  beeaufe   180  X  .0174c 

.01745* 

57.29578  / 

zz  3. 141 6  —  q  — V  —  <r  4-  2#y  — yy.. 

Therefore  the  mean  anomaly  is, 

^          57.20578  ^;ro —  a  —  yz         .  r 

D  —    — — =^- — -=S  reckoning  trom, 

the  perihelion.. 

_.       L       ._       n  -f-  za 
Cor.  1 .  The  cqfine  of  D  is • « 


v_-!    '-  '■'■■  a  - —  y  a  -f  a« 

For  Cof.  D  zz  *  zz ~—    z 

n  n 

aa  -f-  2cm  —  cc        nn  -f-  2<2/z         w  +  z# 


»  X  <T-h  2«  nXa  -+-  zn        a  +  2;% 

Cor.  2.  D  w  /£?  number  of  degrees  in  the  arch 

.   V^— tt  +  2<zy — x^ 
w^o/ff  .A»*  ts 1 . 


For  that  line  is 


J  1  -  iZ7_Z   zz 


nn 


nn  —  aa  -f-  lay  —yy        v  —  cc  -j-  2ay  — yy 

s/  °" —  : *  ' 

v  nn  n 

Cor.  3.  if  the  planet  in  moving  from  the  pe>iheli- 
«K,  &  ^>«/£  /fo   aphelion  ;  then  the  equation   before 

O  4  £«M*fc 
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Fig.  given,  Jhews  the  time  in  which  it  will  come  to  the  pz- 
6b.  rihelion  again. 

For  the  angles,  and  diftances,  are  alike  on  both 
fides  the  axis  AP ;  and  therefore  the  time  is  the 
feme.  That  is,  the  time  in  nF  is  the  fame  as  in  PN. 

Cor.  4.  Hence  a  table  may  eafily  be  made  for  finding 
the  time  when  a  planet  will  be  in  any  place  of  its  orbit. 

Take  the  angle  PSN  fucceffively  equal  to  1,  2, 
3,  4,  &c.  degrees,  to  )  80  ;  then  its  cofine  z  is 
had,  and  from  thence jy,  and  laftly  the  time  when 
it  will  be  at  the  diftance  y.  The  table  being  thus 
conftructed  to  180  degrees,  will  fhew  the  time  and 
the  diftance  for  any  given  true  anomaly  ;  and  this 
by  a  direct  method.  And  vice  verfa,  having  the 
time  given,  you  may  by  the  fame  table  find  the 
diftance,  and  the  true  anomaly,  correfponding  there- 
to in  their  feveral  columns ;  taking  a  proportional 
part  as  there  is  occafion. 

Rut  if  you  would  rather  chufe  to  have  a  table 
where  the  time  increafes  uniformly,  you  may  eafily 
transform  the  prefent  table,  into  fuch  a  one,  by  find- 
ing the  angle  PSN,  and  diftance  SN,  from  the 
time  in  this  table  •,  which  is  eafily  done  by  taking 
parts  proportional.  And  thus  a  table  may  be  com- 
pofed,  where  any  one  of  the  quantities  may  be  made 
to  increafe  uniformly. 

Example. 
Suppofe  PNA  be  the  earth's  orbit,  and  the  funV 
true  anomaly  ASN  zz  60%  and  PSN  zz  1200 ;  here 
a—  i>  c  —  .99857,  »  zz  .01691,  zz  — i,  then 

y  zz  1.00824,  and  — —  zz  —  .48725  zz  Cof. 

D 

119.16*,  and  D  zz  1 19.16,  and  -7-   zz  .331,  and 

*s/ —  cc  +  2ay  —  )v  .       r 

" — ~ — n r~"  —  -00225  J    therefore 

20X3.1416  -3J 

•33* 
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.331  —  .00235  X/  or  .32866  x  365*  6h  9'  i^i-  Fig. 
—  I20d  oh  S91  4l"  from  the  perihelion;  or  it  wants  66. 
62d  I4h  4'  56''  of  the  aphelion.     But  in  1767,  the 
fun  is  in  the  aphelion     June  3od  ioh  30™  36s 
fubtract  it  from     60     14      4     56 

gives  April  30  20  25  40  the 
mean  time  required.  But  it  is  better  to  have  the 
hor;-.y,  minutes,  feconds  of  time  in  decimals  of 
uays ;  and  the  minutes  and  feconds  of  degrees,  in 
decimals  of  degrees. 

Alfo  the  mean  anomaly  is  D  —  57.295  X  .01477 
=  119.16  —  .84  =  118.32  ==  1180  :  it/. 

2  Way. 

Suppofe  the  time  to  be  reckoned  from  the  aphe-  67. 
lion  A.  About  the  tranfverfe  AP,  defcribe  the 
femicircle  AQP,  and  thro*  the  planet's  place  at  N, 
draw  QNH  perp.  to  AP.  Put  CA  zz  a,  CB  — 
c,  CS  zz  »,  SN  —  y,  fine  of  the  true  anomaly 
S.ASN  zz  j,  cof.  ASN  zz  z,  t  zz  periodic  time. 
Then  (Cor.  3.  Prop.  LXXII.  B.  I.  Conic  Sedions) 

y  =z     _1*     '  And  Rad  fi) :  S.HSN  (s) :  :  SN  (y) : 

NH  =  Sy.     And  (Prop.  XIX.  ib.)  CD  (0  :  CA 

asy 
(a)  ::  NH  (sy)  :  QH  zz  —  Let  d  zz  number  of 

degrees  in  the  arch  (AQ)  whofe  fine  is  ^  (-      \ 

c  \    a   ' 

to  the  radius  1 ;  then  AO  zz  a  X  .0174533^.   But 
AQS   zz  i  AQ  X  AC  +  4.  CS  X  QH  =='  *.  a  X 

asy        .017  4.51a  ad         nasy 

•017453a*  +  1  n  x  — ~ +  ^7* 

3 . 1 4 1 6aa 
Alfo  the  area  of  the  femicircle  AQP  — ■ —  ; 

and  of  the  whole  circle,  3.1416^;    and  of  the 
ellipfis  AQPB,  3.1416^.     But  a  :  c  : :  circle  :  el- 
liptic 
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Fig.  ,.     '  .oij4.cQcad       nsy 

r6*  lipfis  :  :  AQS  :  ANS ~—  +  -f<    And 

ellipfis  (3.1416^;  :  ANS  ( — '—°-2—  +  -^J  :  : 

.0174533^/ 
/  :  time  of  defcribing  ANS    —  — 3 -?    + 

»j)'/  dt  nt  sy 

X   " 


2  X  3.1416^  ""'360  2^X3. 1416      '     f 

Therefore  having  given  any  angle  ASN  for  the 
true  anomaly ;  z  and  s  will  be  known,  and  confe- 
quently  y,  and  from  thence  d  \  and  therefore  the 
time  of  defcribing  ANS  will  be  found. 

And  for  the  mean  anomaly  •,  as  the  area  of  the 

ellipfis,  to  the  area  of  ANSj  fo  360  degrees,  to 

.oi-j^^cad 
the  mean  anomaly.     That  is,  3.141  oca  : 

nsy         .         .oijA^d  ,  nsy 

+  —  :  :  360  : -J— 7  X  160  + — 2 

^2        °        2X3.1416       d        '    2^X3.1416 

X  360.     Therefore  the  mean  anomaly  is  zz  d  •+■ 

£Z££57£»  x  2L>  degrees> 


sc 
zn 


Cor.  1 .  The  fine  of  d  is 

«  — 

.    .    sy         s  cc  sc 

For  it  is  —  —  —  X 


c  c       a  —  zn       a  —  zn 

Cor.  2.  The  mean  anomaly  is  —  degrees  in  the  arch 


AQ  -f  -QH,  or  AL,  making  QL  =  -  QH. 

Example. 
In  the  earth's  orbit,  we  have  a  =  1,  n  ~  .01691,. 
e  zz  .99857,  and  let  the  true  anomaly  ASN  z=  6o° ; 
then  s  —  s/%->  z  —  4->  whence  jy  —  1.0082,  and 

— •  zz  .87324,  whence  d  .=  60.84.     Then  -^  = 

.169  a, 
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n  sy  f'icr. 

.i6qo,  and  — — — ; — /X  —   =:    .0022/5;    and  c^ 
2(3  X  3.1416       c  0D  07. 

.1690   4-  -00235  =?  '-ip35>  and  •l7135  X  *  == 

-17*35  X365d  6h9m  l4'i  ==-'*7*"35  X  365-256  == 
62.5865  tz  62d  1411  4m  47s ;  which  happens  on  Sept. 
jd  Qh  ^m  23s ;    1767. 

And  for  the  mean  anomaly-,  d  —  60.84,  and 

zy.zon       sy 

"    X  -^  —  .846,  and  60.84  +  -846  ~  61.686 

—  6i°  41'  9". 

In  the  ufe  of  thefe  rules,  it  will  be  beft  to  work 
by  logarithms ;  for  many  of  the  quantities  remain 
conftantly  the  fame,  in  the  fame  orbit,  and  create 
little  trouble. 

Scholium. 

By  either  of  the  foregoing  rules,  the  mean  ano- 
maly is  found  directly  from  the  true  anomaly,  ac- 
curately true.  But  the  true  cannot  be  found  from 
the  mean  anomaly,  for  there  is  nothing  given  to 
find  it  by  -,  nor  any  method,  but  by  guefling,  and 
the  methods  of  approximating  \  and  therefore  it  is 
unnatural  to  feek  the  true  from  the  mean;  Hence, 
tables  of  the  mean  anomaly  ought  firft  to  be  calcu- 
lated from  the  true  ;  and  thele  tables  may  after- 
wards be  put  into  a  different  form,  if  any  bo- 
dy thinks  proper  to  do  it. 

But  if  any  .one  fhould  think  fit  to  calculate  the 
true  from  the  mean  anomaly  being  given  •,  it  is  evi- 
dent that  he  mult  ftili  work  the  fame  way  as  if  the 
true  was  given.  For  he  muft  a  fib  me  the  true  ano- 
maly by  iuppoiition,  as  near  as  he  can,  and.  from 
thence  calculate  the  mean,  by  the  rule  as  it  lies 
before  him.  And  if  it  does  not  aniwer  to  that 
given  ;  he  muft  try  again,  by  making  a  nearer  fup- 
pofition.  •  nd  at  iai-:  by  help  of  the  errors,  he -will 
find  the  true  one  fought. 
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Fig. 

PROP.      II. 

68.  If  N  be  the  place  of  a  planet  in  its  orbit ',  S  the 
fun  in  the  focus  •,  then  the  plane? s  angular  motion  a- 
bout  the  other  focus  F  :  is  to  its  mean  motion  :  :  as- 
the  rectangle  ACE  of  the  femiaxes  :  is  to  the  rec- 
tangle FNS  of  its  diftances  from  the  foci. 

About  the  focus  F,  with  the  radius  CA,  defcribe 
the  femicircle  VEI.  Let  N»  be  a  very  fmall  part 
of  the  orbit,  and  thro*  N,  n,  draw  FNO,  Fno ; 
and  from  n  let  fall  perpendiculars  upon  FN,  SN* 
which  will  be  equal  to  one  another,  becaufe  the, 
angles  ON»  and  SN«  are  equal  (by  Prop.  X.  B.  I. 
Conic  Se&ions)  •,  call  this  perpendicular,  x.  With 
the  fame  radius  CA  and  center  S,  defcribe  the 
circle  EDK,  and  draw  SN,  S»,  cutting  the  circle 
in  D,  and  d.  Let  VM  be  the  mean  anomaly  when> 
the  planet  is  at  N  •,  and  Vz»,  when  it  is  at  n.  For 
the  mean  motion  may  be  reckoned  about  any  cen- 
ter F,  C,  or  S. 

Let  AC  =  *,  CE  =  <r,  CF  =: »,  SN  =  y,  FN 
n  v.  Then  if  N»  reprefent  the  velocity  of  the 
planet  in  its  orbit,  Oo  will  be  its  velocity  reduced 
to  the  circle  VEI,  or  its  angular  motion  about  F ; 
and  Dd  its  angular  motion  about  S ;  and  Mm  its 
mean  motion  about  F.  Alfo  let  arch  VM  z:  M» 
VO  -  F,  KD  =  S,  p  zz  3.1416;  thenp*  =  VEI, 
pac  .  yx 

—  z±   area  of  the  femiellipfis  AEP,  and   ■—    ~ 

area  NS#. 

Since  the  mean  motion  is  as  the  area  defcribed 

pac 
in  the  fame  time ;  we  mall  have  — -  (area  AEP)  : 

yx  yx 

—  (area  NS») : :  pa  (VMI)  :  Mm  =  —  =;M.  And 

by  fanilar  fectors,  y  (SM)  :x::a  (SD)  :  Vd  zz 

ax 
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—  =  S.     And  v  (FN)  :  x  :  :  a  (FO)  :  O*  =  F^ 

ax         *  *     *  ' 

—  =  F.    Therefore  S,  F,  and  M  are  to  one  ano- 
v 

ax    ax         yx       „     '     .         y         .        y 
ther  as  — »  —  and-7--     AndMz;Xxz^ 

Xy-  zz  S.  S,  and  alfo  M  =  %  X  x  =  -  X  ~~ 


#         tftf 


<? 


F  =  ~  F.    But  the  velocities  are  as  the  fluxions 
ca 

of  the  fpaces,  whence  F  (O0) :  M  (Mm)  :  :  ca  :vy. 

Cor.  1 .  The  angular  motion  round  F  is  equal  to  the 
mean  motion,  where  the  re  ft  angle  SNF  is  equal  to  the 
rettangle  ACE.     And  then  there  is  the  greatefi  equa- 
tion between  F  and  M. 
vy  . 

For  then  M  =  -F  =  F. 
ca 

Cor.  2.  From  the  aphelion,  where  ca  is  greater 
than  vy,  the  motion  round  F  is  greater  than  the  mean 
motion  -,  and  when  vy  zr  ca,  they  become  equal ;  af- 
terwards when  vy  is  greater  than  ca,  the  motion  round 
F  is  Jlower  than  the  mean  motion ;  and  the  angles  (F 
and  M)  draw  towards  an  equality,  then  M  leads  till 
they  meet  again  at  P. 

For  the  motion  of  FM  from  A  is  flower  than 
that  of  FO.  And  it  lofes  ground,  till  fuch  time  as 
vy  zz  ca,  when  their  motions  are  equal ;  after-t 
wards  FM  moves  fafter  than  FO,  and  comes  nearer 
and  nearer  to  it,  till  they  coincide,  where  F'M  takes 
the  lead. 

£or.  3.  Unfa  erf  ally,  the  angular  motions  at  S  and 

at  F,  and  the  mean  motion ;  are  as ,    and 

SNa    SNF 
1 
'aqu  »  the  planet  being  in  any  place  as  N. 

For 
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Ficr.  •  ax     ax  yx 

^P       For  S,  F  and  M  are  as  — >  — »   and  —  >   or  as 

^•^     ayx  ayx 

i   and But  yx  is  a  given  part  of  the 

yy       vy  ac  J  &         r 

•  •  'a      a 

area,   therefore  we  have  S,  F  and  M,  as  — ■>    —  > 

yy     vy 

and  _  •,  that  is  as  — ,    _,    and  — . 
ca  yy     vy  ca 

Cor.  4.  The  angular  motion  of  a  planet  round  the 
higher  focus  F,  is  greater  than  the  mean  motion,  near 
the  afjides  A  and  P ;  and  lefs  than  the  mean  motion  at 
and  about  E  the  mean  diftance ;  and  is  the  fame  at 
equal  aijtances  from  the  apfes  A  and  P. 

For  near  A  and  P,  the  rectangle  vy  is  leffer  than 
ca,  and  near  E  it  is  greater  than  ca  ;  and  is  equal 

to  it  when  SN  or^  —  a  +  \/aa  —  ca.  And  fince 
the  re&anglevjy  or  SNF  is  the  fame  at  equal  diftances 
from  E,  or  from  A  and  P  •,  therefore  in  two  fuch 
places  the  angular  velocities  round  F,  are  equal. 

Cor.  5.  The  motion  of  the  planet  about  the  fun  at 
S,  is  equal  to  the  mean  motion,  when  SN1  zz  AC  X  CE. 

yy  •  ca  . 

For  M  zz   —  S,  and  when  yy  zz  ca,  M  zz  —  S 
ca  jj  ■>  ca 

zz  S. 

Ccr.  6.  The  motion  round  F  is  equal  to  the  motion 
round  S,  when  SN  zz  NF. 
1       1 

For  S  :  F  :  :  —  :  —  :  :  vy  :  yy :  :v  :  y,  therefore 
yy      vy  J    'J  J 

when  v  zz  y,  S  zz  F. 

Example* 

£0       Suppofe  AEPB  to  be  fuch  an  orbit,  that  C  be- 

*/*  ing  the   center,  F  the   higher  focus,  S   the  focus 

where  the  fun  is,  AC  zz  10,  BC  zz  8,  CF  zz  6, 

half 
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half  the  latus  re&um  LF  =  6.4,  AF  =  4,  PF  =  Fig. 

16.     Then  \/aa  —  ca  —  x/20  z=  4.472136,  and  69* 
y  —  14.472  or  5.528,  when  ca  ~  vy.     Therefore 
if  you  make  SG  and  SH  =z  5.528,  and  SI  and  SK 

—  14.472.  The  points  G,  I,  K,  and  H  will  be 
the  four  points  of  the  orbit,  where  the  motion  of 
the  planet  round  F,  will  be  equal  to  the  mean  mo- 
tion. And  in  thefe  points,  are  the  greateft  equa- 
tion, of  the  angle  F.  In  the  arches  AI,  AK,  PG, 
PH,  the  motion  about  F  is  greater  than  the  mean 
motion,  and  the  greater,  the  nearer  A  or  P.  Be- 
tween I  and  G,  and  H  and  K,  the  motion  about  F 
is  lefs  than  the  mean  motion,  and  the  lefs,  the  nearer 
to  E  and  B.  But  the  equations  at  I  and  K  are 
greater  than  the  equations  at  G  and  H.  For  the 
planet  {lays  longer  in  the  arches  AI,  and  KA,  than 
in  the  arches  GP  and  PH  ;  and  therefore  the  angle  . 
F  gains  more  in  the  former  than  in  the  latter.  And 
that  gain  is  the  equation,  for  they  are  together  at 
A  and  P.  They  are  alfo  together  at  fome  place 
between  E  and  G,  and  alfo  between  H  and  B.  For 
F  having  a  greater  equation  to  lofe  in  paffing  thro* 
IG,  than  it  has  in  palling  thro'  HK,  the  planet  will 
be  paffed  E  before  it  be  loft.  And  likewife  the 
equation  H  will  be  loft  before  the  planet  arrives  at 
B.  Hence,  the  mean  motion  and  angle  F,  are  to- 
gether at  A  -,  in  paffing  thro'  A I  the  mean  motion, 
is  left  behind ;  in  paffing  thro'  IG,  the  mean  mo- 
tion goes  pail  F  •,  and  F  advancing  from  G  to 
P,  overtakes  the  mean  motion  again  at  P.  In  like 
manner,  thro'  PH,  the  mean  motion  is  behind  F  :, 
but  overtakes  it  near  B,  and  goes  pad  it ;  and  at 
laft  F  overtakes  the  mean  motion  again,  at  A. 

If  you  make  SD  and  SQ  —  s/  ac  ~  v/tfo  ~ 
8.944,  then  the  planet's  motion  at  the  points  D  and 
Q,  aboitt  the  focus  S,  will  be  equal  to  the  mean 
motion  Laftly,  at  the  points  E  and  B3  the  motions 
round  S  and  F  are  equal. 
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Fig. 
69. 


Scholium. 

From  the  irregular  increafing  and  decreafing  of 
the  angle  F,  in  the  courfe  of  the  planet's  motion  ; 
it  cannot  be  a  proper  medium  for  finding  out  the 
mean  anomaly.  For  before  this  can  be  done,  a  cer- 
tain equation   muft  be  found  out  to  adjuft  it  by. 
But  it  is  far  more  difficult  to  find  out  this  equa- 
tion for  F,  than  to  find  out  the  equation  of  the  or- 
bit, or  that  for  the  angle  FSN,  or  the  true  ano- 
maly ;  and  therefore  I  fet  this  angle  afide  as  ufelefs 
for  that  purpofe.     Indeed,  when  the  orbits  are  not 
very  excentric,  it  will  not  vary  a  great  deal  •,  but 
this  is  by  meer  chance •,  for  that  variation  cannot 
be  computed  without  a  great  deal  of  labour,  which 
is  a  certain  fign,  that  it  has  no  relation  to  either  the 
mean  or  true  anomaly.     And  the  correction  given 
by  Bulhaldus   only  mends  it  in  fome  places ;  but 
in  others,  makes  it  worfe ;  and  therefore  does  not 
anfvver  the  purpofe. 

PROP.     III. 

1/  AEP  be  the  orbit  of  a  planet,  AQP  the  circum- 
fcribing  circle  -,  N  the  place  of  the  planet,  QNH  per- 
pendicular to  the  tranfuerfe  A  P.  And  if  QC  be 
drawn  to  the  center,  and  NF,  NS  to  the  foci ;  then 
will.  CF  :  SN  —  CA  :  :  radius  :  cof.  ACQ,  called 
the  excentric  anomaly. 

Let  CA  - \  CF  =  n,  SN  -y,  cof.  QCH  = 
x.  Then  (by  Cor.  i.  Prop.  V.  B.  I.  Conic  Sec- 
tions) CFxCHz  CA  X  SN  —  CA,  that  is  n  X 

CH  —  a  X  y  —  j.     But  in  the  triangle  QCH,  rad 
(r)  :  QC  0)  :  :  S.CQH  or  cof.  QCH  (*)  :  CH  = 

ax  ax  

—  •     Whence  n X  —  =  n  X  CH  —  aXy  —  a,  and 
r  r 

fix 
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ftX  __—  — — ^— —  FlQ* 

—  zzy  —  a,  or  nx  zz:  r  X  y  —  a.     Therefore  n  :  £<?* 
r  :  i  y  —-  a  :  x. 

Cor.  1.  y  or  SN  zz  CA  +  CS  X  »/  QCH,  r«- 

<£&#.T  #*/#£   1. 

For  rXy  —  a  zzy  —  azznx,  andj  zz  a  -b-nx. 


AC  x  SN  —  CEl 

or.  2.  SH  zz 

CA. 


Cor.  2.  SH  = gg zz  CS  +  *  X 


ax  a        t 

ForSH  =  n  +  CH  zz  n  +  —  =»  +  —  X  — 

r  r        * 


*z       #»  +  ay  —  aa 


PROP.     IV. 

ST#<?  aphelion  difiance  AS  :  femiconjugate  CE  :  :  /#/z.  y0, 
4-  *fo  excentric  anomaly  ACQ  :  /«».  £■  /£*  /r«^  anoma- 
ly ASN. 

Let  SA  zz  ^,  the  radius  zz  1,  the  reft  as  before. 
Then  from  the  laft  Prop,  we  have  jy  zr  n  -f-  nxy 
SHz»  +  ax.  Produce  SP  till  SO  zz  SN,  and 
draw  ON,  then  the  angle  HON  zz  4-  HSN.  And 
iince  x   zz  coline  of  QCH,  therefore  (by  Schol. 

yi — x 
zz    tan. 

iQCH.     And  in  the  triangle  NOH,  OH  :  rad  :  : 

NH  :  tan.  NOH.     But  OHzj/  +  SHz«  + 

c 
nx  -J-  n  4-  ax  zz  d  +  dx ;  and  NH  zz  —  QH  zz 

— s/aa  —  CH2  zz  — V aa  —  aaxx  zz  fVi  —  xx. 
a  a 


Therefore  d'x  1  +  x  :  1 : :  c  y/i  —  xx :  tan.  NOH 
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Fig. 
70. 

c  s/ 1  XX                CV\  XX                C     /l — x 

dX  i  +  *        </• \  +  xXl  +x       d      1+x 

'=  i-  X  tan.  -^QCH.  Whence  d:  c :  :  tan.  |QCH : 
tan.  NOH  or  aNSH. 

Cor.  1 .  As  v/AS  the  aphelion  dijiance  :  v^PS  the 
perihelion  dijiance  :  :  tan.  ^ACQ  the  excentric  anoma- 
ly :  tan.  -'-ASN  the  true  anomaly. 

For  (by  Prop.  III.  Ellipfis)  AS  X  SP  —  CB1. 
And  fince  d  :  c  :  :  tan.  ^QCH  :  tan.  |NSH  ;  that 
is,  AS  :CQ::  tan.  ^QCH  :  tan.  -iNSH  ;  therefore 

%/X&  :  v/CB1  or  \/AS  x  SP  :  :  tan.  ^QCH  : 

tan.  4NSH  :  :  VAS  :  \/sP. 

Cor.  2.  As  fin.  true  anomaly  ASN  :  Jine  excentric 
anomaly  ACQ  :  :'jemi  conjugate  CE  :  dijiance  SN. 

For  rad  (1)  :  QC  {a)  :  :  S.QCH  :  QH  =  a  * 
S.QCH  i  and  <z  :  c  :  :  QH  :  NH  zz  c  X  S.QCH. 
And  in  die  triangle  SNH,  S.NSH  :  NH  or  c  X 

cx  S.QCH 
S.QCH  :  :  rad  (1)  :  SN  =      s  N§^     i    and 

S.NSH  :  S.QCH  :  :  c  :  SN. 

Cor.  3.  As  fine  of  halj  the  true  anomaly  ASN  : 
fine  oj  halj  the  excentric  anomaly  :  :  y/SP  the  peri- 
helion dijiance  :  v^SN  the  dijiance  of  the  planet. 

For  x  zz  cof.  QCH,  and  (by  Schol.  Prop.  If, 


■/*=* 


B.  I.  Trig.)  J  —^-  zz  fine  of  -iQCH.     In  the 

triangle  NHS,  SN  (y)  :  SH  (n  +  ax)  :  :  rad  (1)  : 

n    I    ax 
cpf,  NSH  zz  -r-» Therefore  (Trig,  ib.)  the 

fine  of  i-NSH  =  */i =  J< 
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ya  4-  nx —  n  —  ax  /aX  i—x—nXi — x  Fig. 

ay  =  v  ^  70. 

Therefore  fine  4-NSH  : 

r      i^^u         f    la  —  nXi—x       li  —  x 
fine^QCH  :  ;  (V :  V  ——  :  : 


v"7^  '.y/n^s/a—n:  </y. 


PROP.     V.      Proh. 

From  the  ex  centric  anomaly  given ;  to  find  the  mean,  71; 
and  the  true  anomaly ;  and  alfo  the  dijlance. 

Let  ANP  be  the  orbit,  AQP  the  circumfcribing 
circle.  Take  the  excentric  anomaly  ACQ,  any 
angle  you  pleafe ;  from  that  we  have  the  arch  AQ, 
the  fine  QH,  and  the  area  AQC,  and  the  triangle 
QCS,  and  the  area  AQS.  Then  take  the  area  of 
the  femicircle,  to  the  area  AQS  -,  as  180  degrees, 
to"a  fourth,  which  is  the  mean  anomaly.  For  the 
area  AQS  is  to  the  femicircle  AQP  ;  as  the  area 
ANS,  is  to  the  femiellipfis  ANPj  that  is  as  18  o9 
to  the  mean  anomaly. 

Again  for  the  true  anomaly,  we  have  given  QH", 
and  from  thence  NH  ;  HC  is  alfo  given  being  the 
cofine  of  AQ^,  then  we  have  HS  ;  therefore  in  the 
right  angled  triangle  SNH,  we  have  the  fides  SH, 
NH-,  to  find  the  angle  NSH  or  the  true  anomaly. 
And  in  the  fame  triangle  the  diftance  SN  will  be 
had.  And  therefore  the  mean  and  true  anomaly 
and  the  diftance,  thus  found  agreeing  to  the  fame 
affumed  excentric  anomaly  ACQ,  will  correfpond 
with  one  another. 

Cor.  1 .  Hence,  hy  means  of  the  excentric  anomaly, 
as  many  mean  and  true  anomalies  may  be  found  as 

P    2  W0 
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Fig.  'ive  plwfei   an&  the  correfponding  dijlances  ;  and  pt 

h  1 1  into  a  table  for  ufe.     Qr  fuch  a  table  may  be  pit 

into  a  more  commodious  form,  if  there  is  occafion. 

For  afiuming  the  angle  ACQ^or  the  arch  AQ, 
fucceflively  of  I,  2,  3,  &c.  degrees ;  the  cor-  | 
refponding  anomalies  and  diftances  may  be  found, 
which  being  put  into  a  table  •,  then  at  any  time,  by 
finding  the  mean  anomaly  in  the  table,  the  cor- 
refpondent  true  anomaly  will  be  had ;  or  at  leaft 
may  be  found  by  taking  a  proportional  part  as  is 
ufual  in  fuch  cafes. 

Cor.  2.  Hence,  the  mean  anomaly  is  found  at  any 
time,  by  dividing  the  ellipfis  AEPB,  by  the  line  SN, 
Jo  that  the  tvhole  area  of  the  ellipfis,  be  to  the  area 
v  ANS  •,  as  360  degrees,  to  the  mean  anomaly.  Or  by 
faying,  as  the  periodical  time  of  the  planet,  to  the  time 
of  its  moving  from  the  aphelion ;  fo  is  360  degrees  to 
the  mean  anomaly. 

PROP.     VI.      Prok 

tfo  compofe  tables  for  the  ready  calculating  the  places 
cf  the  planets. 

Altho'  the  place  of  a  planet  may  be  found  from 
the  foregoing  propofitions,  by  dividing  the  area  of 
an  ellipfis  in  proportion  of  the  periodical  time  to 
the  given  time.  Yet  as  this  requires  a  great  deal 
of  calculation,  aftroncmers  have  conftructed  tables, 
by  help  of  which  a  great  part  of  this  labour  is 
.  faved  ;  and  the  place  of  a  planet  found  with  little 
trouble. 

In  order  to  the  conftructing  thefe  tables,  the 
orbit  of  the  planet  muft  be  given,  and  its  periodi- 
cal time,  and  the  time  when  it  is  in  the  aphelion ; 
the  place  of  the  node,  and  inclination  of  the  orbit. 

In  the  firft  place  the  radix  of  the  motion  muft 
fee  fettled  •,  which  done,  the  mean  motion,  or  mean 

anomaly 
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anomaly  mud  be  calculated  by  the  foregoing  pro-  Fig. 
pofitions,  for  years,  days,  hours  and  minutes,  af- 
ter this  manner.     As  the  periodical  time,  to  365 
days ;  fo  is  360  degrees,  to  the  planet's  mean  ano- 
maly for  a  year.     And  as  the  periodic  time  to  1 
day  j  fo  360  degrees,  to  the  anomaly  for  1  day.  The 
anomaly  for  1   day  being  had,  by  continual  addi- 
tion of  it,  the  anomaly  for  2,  3,  4,  5  days,  to  3 1 
will  be  had.     Alfo  adding  the  anomaly  for  a  year 
to  itfelf  gives  the  anomaly  for  2  years ;  and  adding 
again,  gives  the  anomaly  for  3,  and  added  again 
gives  that  "of  4  years  •,  but  becaufe  every  fourth 
year  is  leap  year,  and  contains  366  days,  the  mo- 
tion of  a  day  muft.be  added  to  the  4th  year,  and 
fo  for  every  fourth  year  •,  till  you  come  at  20  j  from 
which  will  be  had  the  motion  for  40,  80,  100,  200, 
300  years,  &c.  and  fo  on  to  thoufands,  or  as  far 
as  you  will.     In  all  which,  when  the  amount  ex- 
ceeds 360  degrees,  360  muft.  be  thrown  out.  Thefe. 
mean  anomalies  are  to  be  regularly  difpofed  in  ta- 
bles, correfponding  to  the  particular  times.     You. 
muft  alfo  have  the  mean  anomalies  correfponding 
to  the  beginning  of  every  month. 

In  another  table,  to  all  the  degrees  of  the  mean 
anomaly,  you  muft  have  the  degrees  of  the  true 
anomaly  correfponding;  or  elfe  the  equations,  to. 
find  the  true  anomaly  by ;  and  alfo  the  iog,  of  the 
diftance  from  the  fun.  Inftead  of  this  table,  you 
may  have  a  table  of  the  planet's  heliocentric  places, 
with  the  curtate  diftances  from  the  fun,  and;  the 
planet's  heliocentric  latitude. 

Having  the  inclination,  of.  the  orbit,  a  table  muft 
be  conftructed  to  all  the  degrees  of  the  argument 
of  latitude ;  containing  the  heliocentric  latitude, 
and  the  reduction,  and  curtation.  Thefe  are  cal-> 
culated  by  plain  and  fpherical  trigonometry.  For 
from  the  inclination  of  the  orbit,  having  the  hy- 
pothenufe,  which  is  the  argument  of  latitude,  yen 
P  3  ma£ 
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Fig.  may  find  the  perpendicular,  which  is  the  heliocen- 
tric latitude  •,  and  alfo  the  bale.  Then  the  diffe- 
rence between  the  hypothenufe  and  bafe  is  the  re- 
duction. Then  the  planet's  diftance  from  the  fun 
being  given,  and  the  angle  at  the  fun,  or  the  he- 
liocentric latitude ;  we  have  the  hypothenufe  and 
an  angle  at  the  bafe,  in  a  right  angled  plain  trian- 
gle, to  find  the  bafe  •,  then  the  difference  between 
the  hypothenufe  and  bafe  is  the  curtation.  Thefe 
muff  all  be  calculated  for  every  degree  of  the  ar- 
gument of  latitude,  and  put  into  a  table. 

Upon  thefe  principles,  feparate  tables  mult  be 
calculated  for  every  planet.  After  the  fame  man- 
ner, are  tables  to  be  calculated  for  the  fun  or  the 
earth,  excepting  the  table  for  the  argument  of  la- 
titude •,  for  the  fun,  never  deviating  from  the  eclip- 
tic, has  no  latitude. 

Several  authors,  calculating  by  different  methods* 
make  ufe  of  different  tables  •,  but  the  conftruction 
of  them,  will  appear  eafy  enough  from  the  nature 
of  them,  and  from  what  has  been  delivered  before. 

PROP.     VII.      Prob. 

Having  given  the  periodical  times  of  the  planets ; 
to  find  the  tranpterfe  axes  of  their  orbits^  or  their 
proportional  difiances  from  the  fun. 

Tho'  feveral  methods  have  been  laid  down  in 
Prob.  XIV.  Seel:.  IV.  for  performing  this ;  yet 
when  the  periodical  times  are  truly  determined,  it 
may  be  done  with  more  eafe,  and  greater  certainty 
from  the  laws  of  centripetal  force,  Prop.  XVII. 
Therefore,  make  as  the  fquare  of  the  periodical 
time  of  the  earth,  to  the  fquare  of  the  periodical 
time  of  any  planet  \  fo  the  cube  of  the  tranfverfe 
axis  of  the  earth's  orbit,  to  the  cube  of  the  tranf- 
-verfe  axis  of  the  planet's  orbit ;  and  fo  the  cube  of 

thfc 
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the  mean  diftance  of  the  earth  from  the  fun,  to  the  Fig. 
cube  of  the  mean  diftance  of  the  planet  from  the 
fun.  And  the  mean  diftance  of  the  earth  being; 
taken  to  be  1  or  10000,  the  proportional  mean  dif- 
tances  of  the  planets  from  the  fun  are  had,  or  the 
diameters  of  their  orbits.  And  thefe  muft  be  in- 
creafed  according  to  Prop.  XXII.  centripetal  forces. 

Cor.  Hence  the  periodic  times  of  the  planets,  their 
mean  dijlavces  from  the  fun,  and  eccentricities,  will  be 
as  follows. 


■  Planets 

periodic  times- 

mean  diftances 

excentricities 

i 
Saturn 

<t             h        / 

10759     7     0 

95380 

54298 

Jupiter 

4332     12    20 

52010 

25051 

Mars 

686  23   30 

15237 

1415 

the  Earth 

365     6    9 

I OOOO 

168 

Venus 

224  16  50 

723,4 

52 

Mercury- 

87  2,3   15 

3871 

810 

S  C  HO  LIU  M* 

It  appears  by  comparing  together  the  obferva- 
tions  made  in  ancient  times  and  the  prefent ;  that; 
the, periodic  time  of  Jupiter  is  increafing,  and  that 
of  Saturn  decreafing.  For  when  thefe  two  planets 
are  in  conjunction,  by  their  great  magnitudes  and 
attractive  forces,  they  act  upon  one  another,  and 
difturb  one  another's  motions ;  by  which  means  Sa-. 
turn  is  fomething  retarded,  and  Jupiter  accelerat- 
ed, in  their  refpected  orbits..   . 

PROP.    VIIIv    Prob. 

To  find  the  equation  of  time  5  or  the.  difference  be.- . 
tween  the  true  and  apparent  time.. 

As  all  uniform  motions  are  proportional  to  the> 

times  wherein  thefe  motions  are  performed  ;  there- 

P  4  fgrs- 
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Fig.  fore  having  the  times  given,  the  motions  will  be 
known ;  or  having  the  motions  given  the  times 
will  be  known.  Therefore  the  motions  and  times 
may  be  taken  for  the  meafures  of  one  another. 
But  fince  the  motion  of  the  earth  in  its  orbit  (or 
which  is  the  fame,  of  the  fun  about  the  earth)  is 
not  uniform  ;  the  apparent  or  vulgar  time  will  not 
be  uniform  or  equable.  For  the  earth  moving  in 
an  ellipfis,  goes  fometimes  with  a  quicker  and  fome- 
times  with  a  flower  motion.  Again,  as  the  fun's 
apparent  motion  is  not  in  the  plane  of  the  equator, 
but  in  an  orbit  inclined  to  it  in  an  angle  of  23^  de- 
grees. Therefore  it  will  feem  to  move  unequally 
therein,  fometimes  making  a  greater  diurnal  mo- 
tion along  the  equinoctial,  and  fometimes  a  lefier  ; 
fo  there  are  two  caufes  to  produce  the  inequality 
of  natural  days  •,  the  elliptic  orbit  of  the  earth,  and 
the  obliquity  of  it  to  the  equator. 
72«  Let  ANP  be  the  earth's  orbit,  S  the  fun  in  the 
focus ;  make  the  area  ASB  rz  area  PSD  •,  then  the 
areas  ASB,  PSD  are  defcribed  in  equal  times  •,  and 
fince  AS  is  greater  than  PS,  therefore  the  arch  PD 
is  greater  than  AB.  Whence  the  earth  moves 
flower  in  the  aphelion  A,  and  quicker  in  the  pe- 
rihelion P  •,  and  varies  all  the  way  from  A  to  P,  in- 
creafing  its  motion  to  P ;  fo  that  at  any  place  N 
the  angular  motion  is  reciprocally  as  SN%  (by  Cor. 
3.  Prop.  II.  centr.  forces).  Suppofe  AB  and  PD 
to  be  defcribed  in  the  times  of  the  earth's  rotation  ; 
when  the  earth  has  made  an  entire  rotation  about 
its  axis,  the  meridian  of  any  place  will  pafs  thro' 
the  fame  ftar,  as  it  did  at  the  beginning  when  it 
was  at  A.  But  the  earth  in  the  fame  time  having 
'eally  (or  the  fun  apparently,)  moved  thro'  an  arch 
of  the  ecliptic  equal  to  AB,  the  fame  meridian 
does  not  pais  ihro'  the  fun,  it  being  then  parallel 
to  AS  ,  therefore  the  earth  muft  continue  its  revo- 
lution about  its  axis  thro*  an  angle  equal  to  ASB, 

before 
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before  it  can  overtake  the  fun.  Again,  the  earth  Fig. 
paffing  thro'  PD  in  the  time  of  its  rotation ;  the  72. 
meridian,  being  then  parallel  to  PA,  it  will  not 
pafs  thro'  the  fun  at  S,  but  the  earth  muft  conti- 
nue its  rotation  thro'  the  angle  PSD,  before  the 
meridian  overtakes  the  fun.  But  the  angle  PSD 
being  greater  than  ASB  ;  and  the  earth's  diurnal 
motion  being  uniform  ;  the  meridian  of  any  place 
will  be  longer  of  overtaking  the  fun,  at  P,  than  at 
A  ;  or  the  fun  will  be  longer  coming  to  the  meri- 
dian at  P,  than  at  A. ;  that  is,  the  days  will  be  lon- 
ger when  the  earth  is  in  the  perihelion,  than  in  the 
aphelion.  And  therefore,  fince  the  perihelion  hap- 
pens near  the  middle  of  winter,  the  days  will  be 
longer  in  winter  than  in  fummer. 

It  is  plain  (by  Cor.  5.  Prop.  II.)  that  the  mean 
motion  about  S  is  equal  to  the  true  motion  -,  when 
SN  ~  fquare  root  of  the  product  of  the  femiaxes  ; 
and  that  happens  in  two  points  of  the  orbit. 

Let  AEPQjDe  the  prime  vertical,  EQ^the  equi-  73. 
noclial,  BL  the  ecliptic.  Suppofe  the  fun  to  move 
uniformly  along  the  ecliptic  CL,  fuppofe  it  to  be 
at  D  ;  thro'  D,  and  the  poles  P,  A,  draw  the  me- 
ridian PDFA.  It  is  plain,  when  D  is  near  C,  the 
motion  CD,  along  the  ecliptic  is  greater  than  that 
along  the  equinoctial  CF  ;  becaufe  the  hypothenufe 
CD  is  greater  than  the  bafe  CF.  But  when'  D  is 
near  L,  the  motion  along  the  equinoftial  FQ,  is 
greater  than  that  in  the  ecliptic  DL.  For  the  part 
DL  almoft  coinciding  with  a  parallel  circle,  mull 
be  lefs  than  the  correfponding  part  FQjyf  the  great 
circle.  Therefore,  there  is  a  point  between  C  anoV 
L,  where  the  motion  along  the  ecliptic  CL,  is 
equal  urthe  motion  in  the  equator  CQ^,  or  where 
the  motion  in  longitude,  is  equal  to  the  motion  of 
right  afcenfion ;  but  in  all  other  points  thefe  two 
motions  are  unequal.  After  a  quadrant  of  the  eclip- 
tic is  defcribed,  they  coincide  at  L  and  Q^    Anc} 

fo 
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Fig.  fo  they  coincide  at  all  the  equinoctial  and  folftitial 

73.  points. 

Hence  the  equation  of  time  depends  upon  the 
faid  two  caufes,  which  are  independent  on  one  ano- 
ther. Sometimes  they  increafe  this  inequality  or 
equation  of  time,  when  they  concur  together  ;  and 
fometimes  they  diminifh  it,  if  they  happen  to  be 
contrary.  Therefore  to  find  the  equation  of  time 
anfwering  to  thefe  two  caufes  feparately. 

1.  For  the  elliptic  orbit  of  the  earth.  Find  the 
true  anomaly  from  the  mean,  by  a  table  computed 
by  Prop.  I.  Then  the  difference  between  th^  true 
and  mean  anomalies  converted  into  time,  gives  the 
equation  of  time ;  and  this  muft  be  done  for  all 
the  degrees  of  anomaly.  Where  obferve,  that  reck- 
oning from  the  aphelion,  the  mean  place  precedes 
the  apparent  place,  from  the  aphelion  to  the  pe- 
rihelion, where  they  coincide  ;  but  from  the  peri- 
helion to  the  aphelion,  the  apparent  place  pre- 
cedes the  mean  •,  as  is  evident  from  what  is  deliver- 
ed in  Prop.  I.  whence,  the  mean  time  is  longer  or 
fhorter  accordingly. 

2.  To  find  the  equation,  in  regard  to  the  obli- 
quity of  the  ecliptic.  Let  CD  be  the  fun's  longi- 
tude, in  the  equinoctial  CQ,  take  the  arch  CI  — 
CD.  Then  in  the  right  angled  triangle  CDF",  we 
have  given  the  hypothcnule  CD,  and  the  angle 
C,  to  find  the  right  afcenfion  CF-,  then  CF  taken 
from  CD  <~>r  CI,  gives  the  difference  FI,  which 
converted  into  time,  gives  the  equation  of  time  for 
the  longitude  CD.  And  this  is  to  be  done  for  all 
the  degrees  of  the  ecliptic,  and  put  into  a  table. 
Where  note,  the  mean  place  I,  precedes  the  appa- 
rent place  F,  in  the  firft  and  third  quadrants  of  the 
ecliptic.  But  the  apparent  place  precedes  the  mean* 
in  the  fecond  and  fourth  quadrants. 

2  2.      Hence  therefore,  in  the  firft  and  fecond  quadrants 
of  anomaly,  the  equation  muft  be  fubtra&ed  from 

the 
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the  apparent,  to  give  the  mean  time.     But  in  the  Fig. 
third  and  fourth  quadrants  of  anomaly,  the  equa-  72. 
tion  muft  be  added  to  the  apparent  time,  to  have 
the  mean.     And  this  from  the  elliptic  orbit  of  the 
earth. 

And  upon  account  of  the  obliquity  of  the  eclip-  J$* 
tic,  in  the  firft  and  third  quadrant  of  the  ecliptic, 
the  equation  muft  be  fubtracted  from  the  apparent 
time  to  get  the  mean  ;  and  in  the  fecond  and  fourth 
quadrants,  the  equation  muft  be  added  to  the  ap- 
parent time,  to  have  the  mean. 

And  when  both  thefe  cauies  are  confidered,  the 
entire  equation  of  time  will  confift  of  two  parts,  and 
is  always  the  fum  or  difference  of  two  arches ;  one 
of  which  is  the  difference  of  the  fun's  true  and 
mean  motion ;  and  the  other  the  difference  of  the 
fun's  longitude  and  right  afcenfion.  From  thefe 
feparate  parts  two  tables  are  computed  as  was  faid 
before,  which  will  be  perpetual.  And  from  thefe 
two  tables  a  third  is  compofed ;  which  will  not  be 
perpetual,  but  will  ferve  without  fenfible  error  for 
an  age  ,j  becaufe  the  earth's  aphelion  and  vernal 
equinox,  which  are  the  initial  points  of  thefe  mo- 
tions, vary  a  little  in  their  pofition,  which  when  it 
becomes  fenfible  requires  a  new  table.  This  third 
table  is  ufed  to  fave  the  labour  of  taking  out  the 
equations  at  twice  out  of  the  two  tables,  which  by 
this  is  done  at  once ;  which  fhortens  the  work  in 
the  calculation  of  the  planet's  places. 

The  conftru&ion  of  this  table  is  thus.  Begin' 
at  the  vernal  equinox,  and  take  the  equations  cor- 
responding to  the  o,  1,  2,  3,  4,  &c.  degrees,  from 
the  table  of  the  fun's  mean  anomaly.  Then  in  the 
table  of  the  fun's  longitude,  feek  the  place  of  the 
earth's  aphelion,  (which  is  about  8  degrees  of  Can- 
cer) begin  there,  and  write  out  the  equations  of  all 
the  Succeeding  degrees  in  order ;  which  muft  be 
refpedtively  annext  to  the  former,  either  by  adding 

or 
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Fig.  or  fubtracting  as  the  two  tables  direct,  prefixing 
73.  the  fign  of  the  major  quantity.  Thefe  muft  be 
placed  againft  the  refpective  degrees  o,  1,  2,  3, 
&c.  in  the  3d  table  of  the  fun's  longitude,  and  if 
this  be  continued  quite  thro'  all  the  figns  of  the 
ecliptic,  you'll  have  the  table  required.  This  third 
table  will  either  be  in  degrees  or  in  time,  accord- 
ing as  the  two  firft  are.  But  it  is  eafily  convert- 
ed from  one  to  the  other  ;  for  a  degree  is  equal  to 
4.  minutes  of  time. 

In  Jhort  thus. 

Let  v  be  the  firft  point  of  Aries,  A  the  aphelion, 
©  the  fun's  place  ;  then  put 

e  ==  fun's  equation  for  his  true  anomaly ;  which 
is  +  in  the  firft  6  figns,  and  —  in  the  laft  6. 
I  zz  fun's  longitude. 
r  —  fun's  right  afcenfion. 
then  e  +  / —  r  —  equation  in  degrees, 
and  let  e  +  /  —  r  reduced  to  time  —  t  the  abfolute 

equation  of  time, 
then  mean  time  +  t  zz  apparent  time, 
or  apparent  time  —  t  zz  mean  time. 
And  thus  a  general  table  is  conftructed. 

The  ufe  of  the  table. 

'.  1.  To  reduce  the  apparent  to  the  mean  time;, 
find  the  fun's  place,  sgainft  which,  you'll  find  the 
equation  •,  which  add  to,  or  fubtradl  from,  the  ap- 
parent time,  as  the  table  directs,  gives  the  mean, 
time. 

2.  To  turn  the  mean  into  the  apparent  timei 
find  the  equation  as  before,  which  add  to,  or  fub- 
tract  from,  the  mean  time  (contrary  to  what  the 
table  directs,),  gives  the  apparent  time. 

7om  Cor.  1.  If  the  earth's  orbit  was  a  circle,  coincid- 
ing with  the  plane  of  the  equinoctial-,  the  apparent 
and  true  time  would  be  the  fame*  For 
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For  in  this  cafe  the  earth's  motion  in  its  orbit  Fig. 
would  always  be  uniform,  and  confequently  the  73. 
fun  would  feem  to  advance  equally  every  day,  and 
there  would  be  always  the  fame  conftant  addition 
to  the  earth's  rotation,  in  order  to  overtake  the  fun. 
And  the  ecliptic  and  equator  coinciding,  there  could 
be  no  difference  between  the  fun's  longitude  and  his 
right  afcenfion.  So  that  the  mean  and  folar  days 
would  always  be  the  fame. 

Cor.  2.  It  is  evident,  if  the  earth's  aphelion  and 
perihelion  coincided  with  the  equinoclial  points,  that 
in  thefe  points  the  equation  of  time  would  be  nothing. 

For  thefe  are  the  two  beginnings  of  thefe  feveral 
equations.  Put  in  procefs  of  time,  thefe  points  be- 
ing removed  from  one  another,  the  places  where  the 
equation  is  nothing  will  alfo  be  removed  from  thefe 
points ;  becaufe  in  combining  thefe  two  different 
tables,  they  will  affect  one  another,  and  the  refult 
compounded  of  both,  can  neither  agree  with  one 
nor  the  other. 

Cor.  3.  T'he  mean  ajlronomical  day  exceeds  the  time 

of  the  earths  rotation  by  3"'  56s,  And  the  time  of  the 

earth's  rotation  to  the  fame  ftar  is  23**  $6m  4s. 

360 
For  — — 1  or  .9856  is  the  degrees  the  fun  advances 

in  a  day,  and  which  the  earth  has  to  overtake,  af- 
ter its  revolution  to  the  fame  flar  ;  and  .985  X  4 
minutes  zz  3™  56s,  which  taken  from  24h,  leaves 
23h  54m  4%  the  time  of  the  earth's  rotation. 

Cor.  4.  Hence,  in  a  year  the  earth  makes  %66~  re-  72.1 
volutions  about  its  axis. 

For  the  earth  revolving  the  fame  way  about  its 
axis,  as  it  moves  in  its  orbit ;  it  has  to  revolve  thro' 
the  365th  part  of  the  circumference,  to  overtake 
the  fun,  after  its  rotation  is  performed  ;  and  there- 
fore in  the  whole  years  or  365  revolutions,  it  has 

another 
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Fig.  another  whole  revolution  to  make,  which  in  all  is 
72.  366^. 

Cor.  5.  In  a  mean  folar  day,  260°  59'  8"  of  the 
equator  paffes  under  the  meridian. 

For  .9856  degrees  —  59'  8",  and  this  is  what 
the  fun  advances  in  a  day  by  his  mean  motion. 

Cor.  6.  The  equations  of  time  are  greateft  and  leaft, 

when  the  apparent  time  is  equal  to  the  mean,  or  the 

furfs  motion  in  a  day,  is  59'  8".     And  that  happens 

in  this  age,  about  the  \ith  of  February,  i^th  of  May, 

0.6th  oj  July,  and  lji  of  November. 

For  when  the  mean  day  is  equal  to  the  folar  day, 
the  equations  are  at  a  ftand  j  and  are  then  either 
greater!:  or  leail.  And  thefe  times  are  to  be  had 
from  the  tables. 

Cor.  7.  When  a  clock  is  rightly  adjufied  to  keep 
mean  time,  it  muft  go  2%h  $6™  4%  from  the  infiant  of 
any  fixed  ft  ar's  pajfmg  throJ  a  fixed  point,  to  the  time 
of  its  returning  to  the  fame  point  again. 

Scholium. 

From  hence  a  table  may  be  made  of  the  equa- 
tion of  time  for  all  the  days  in  the  year.  And  this 
is  done  by  confidering  in  what  points  of  the  eclip- 
tic the  fun  is,  on  every  day  at  noon,  and  taking 
the  correfpondent  equations,  from  the  table  of  the 
fun's  longitude.  And  it  is  not  fufficient  to  make 
one  table  ;  but  four  muft  be  made  •,  for  leap  year, 
and  for  the  firft,  fecond,  and  third  years  after  leap 
year.  For  there  are  6  hours  difference  between  one 
year  and  another  ;  and  in  4  years  it  returns  again 
nearly  to  the  fame.     But  this  table  will  only  ferve 


for  an  age. 


PROP. 
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PROP,    IX.  FlS* 

The  cofine  of  the  fun's  declination  is  a  mean  prspor-  74. 
tional  between  the  radius  and  the  cofine  of  the  obliqui- 
ty of  the  ecliptic ,  at  the  point  where  the  fun's  motion 
in  the  ecliptic  is  equal  to  his  motion  in  right  afcenfion. 

Let  EQ^be  the  equinoctial,  CL  the  ecliptic,  P 
the  pole,  S  the  place  of  the  fun,  PSJ  a  meridian 
pafllng  thro'  the  fun,  and  A  SB  a  parallel  of  decli- 
nation. Draw  the  meridian  Prf  infinitely  near  FSd9 
cutting  AB  in  r,  and  CL  in  /. 

The  triangle  Sr*,  right  angled  at  r,  being  very 
fmall,  may  be  taken  for  a  plain  triangle.  Therefore 

rad  X  Sr       rad  X  Sr 
S.S/r:Sr::rad:S/z=-5-s—  = -§£&    But 

(Trig.  B.  III.  Prop.  IV.  Cor.  5.)  cof.  JS  :  rad  :  : 

rad  X  Sr  . 

Sr  :  df  zz  — 'C'jq  *  Then  fmce  the  motion  in  lon- 
gitude is  equal  to  the  motion  in  right  afcenfion  ; 

,       _       0         ,.     .      .      rad  X  Sr       rad  X  Sr 
therefore  St  =  df,  that  is,  -g^gj-  =  Z3$fe 

therefore  S.CSd  zz  cof.  ds.  But  in  the  right  angled 
fpherical  triangle  CdS  (by  Cafe  11.)  rad  :  S.CSior 
cof.  ds  :  :  col.  ds  :  cof.  SCd. 

Cor.  1.  Hence  dS  or  the  fun's  declination  is  \G°  44/, 
when  the  fun's  motion  in  the  ecliptic  is  equal  to  the 
mean  motion. 

Cor.  2.  And  his  longitude  at  that  time  is,  in  the 
Jirfi  quadrant,  460  14',  or  in  160  14!  of  Taurus, 

Cor.  3.  Hence  there  are  four  points  in  the  ecliptic, 
each  at  4  6°  14'  difiance  from  the  equinoctial  points, 
cr  430  46'  from  the  tropics  j  where  the  mean  and 
true  motion  of  the  fun  are  equal. 

This  is  regarding  only  the  obliquity  of  the  eclip- 
tic, fetting  afide  the  eccentricity  of  the  earth's  orbit. 

Cor. 
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Fig.     Cor.  4.  Alfo  in  thefe  four  points,  the  equations  are 
74.  the  greateft  and  leaft. 

Scholium. 

It  was  fhewn  before  (Cor.  5.  Prop.  II.)  that  the 
earth's  motion  about  the  fun  is  equal  to  the  mean 
motion,  when  its  diftance  from  the  fun  is  a  mean 
proportion  between  the  femiaxes  of  its  orbit.  And 
this  is,  fetting  afide  the  confideration  of  the  obli- 
quity of  the  ecliptic. 

PROP.     X. 

'The  folar  days  are  longeft  when  the  earth  is  in  its 
perihelton,  and  fhorteft  in  the  aphelion  ;  in  regard  to 
its  elliptic  orbit.  But  the  days  are  longeft  when  the 
fun  is  in  the  tropics,  and  fhorteft  in  the  equinoxes  ;  re- 
garding only  the  obliquity  of  the  ecliptic* 

72.  If  ANP  be  the  earth's  orbit,  then  fince  the  ve- 
locity is  greateft  at  P  and  lean:  at  A  ;  the  diurnal 
arch  PD,  defcribed  by  the  earth,  will  be  greateft  at 
P  •,  and  AB  the  leaft,  defcribed  at  A.  Therefore 
the  angle  PSD  is  the  greateft,  and  ASB  the  leaft. 
But  thefe  angles,  are  what  the  earth  wants  to  re- 
volve thro'  to  overtake  the  fun,  and  are  the  additi- 
ons to  the  fydereal  day  to  make  the  folar  day.  But 
this  addition  is  greateft  at  P  and  leaft  at  A.  There- 
fore the  folar  days  are  greateft  at  P  and  leaft  at 
A ;  and  in  other  places  are  of  a  mean  quantity. 

73.  Then  in  regard  to  the  obliquity  of  the  ecliptic, 
the  motion  of  right  afcenfion  will  be  greateft  at  L, 
for  two  reafons ;  firft,  becaufe  it  is  then  parallel 
to  the  equinoctial,  and  without  any  obliquity.  And 
fecondly,  becaufe  it  then  moves  equably  in  a  pa- 
rallel at  L,  and  therefore  the  motion  referred  to  Q, 
in  the  equinoctial  will  be  greater  than  that,  and  at 
L  is  the  greateft  it  can  be,    as  the  point  L  is  the 

furtheft 
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furtheft  from  the  equinoctial,  that  it  can  be.  But  Fig. 
at  the  equinox  C,  the  fun  moving  uniformly  thro'  72. 
CL,  will  make  a  lefs  motion  along  the  equinoctial 
CF,  than  along  the  ecliptic  CD,  as  the  bale  of  a 
triangle  is  lefs  than  the  hypothenufe.  And  the 
leaft  motion  will  be  at  C,  where  the  obliquity  is 
greateft.  Therefore  the  addition  to  the  days  will 
be  leaft  at  C  -,  that  is,  the  folar  days  will  be  great- 
eft  at  L  and  leaft  at  C.  And  at  other  places  are 
of  a  mean  quantity. 

Cor.  1.  Hence  the  days  are  unequal  thro*  the  whole 
year,  being  fometimes  longer  and  fometimes  Jhorter. 

Here  an  hour,  being  a  twenty  fourth  part  of  a 
day,  will  alio  be  unequal  at  different  times  of  the 
year. 

Cor.  2.    Having  regard  both  to  the  elliptic  orbit  72. 
of  the  earth,    and  the  obliquity  of  the  ecliptic ;   the  73, 
longeji  and  fhortefi  days  will  fall  upon  fome  interme- 
diate points. 

This  will  be  when  the  equations  of  time  in  the 
general  table  differ  the  moil  j  which  is  eafieft  found 
by  looking  into  fuch  a  table.     Hence, 

Cor.  3,  About  Mar.  27,  the  natural  folar  days  are 
jg"  lefs  than  the  mean  days-,  and  about  June  24, 
I47/  greater  •,  and  Sept.  19,  2  2/;  lefs ;  and  Decem- 
ber 22,  30"  greater.  ..  So  that  a  day  at  the  end  of 
December  is  52"  longer  than  a  day  at  the  end  of  Sep- 
tember. 

PROP.     XL 

The  velocity  of  a  planet  in  its  orbit  at  any  place  N :  7°* 

is  to  its  velocity  at  the  mean  di fiance  SD  :  :  n/FN",  the 
fquare  root  of  its    diflance  from  the   other  focus  : 

v'SN,  the  fquare  root  of  its  diflance  from  the  fun. 

,  For  if  PC  or  SD  =  r,  SN  =  d,  then  FN  -  ir 
—  a*.     And  (by  Cor.  3.  Prop.  XVI.  centr.  forces} 

Q^  the 
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Fis.                              .           /2r — d 
-^  the  velocity  in  N  is  as  *J  — ^ But  in  D,  the 

diftance  SD  or  d  =  r,  therefore  the  velocity  in  D  is 

yir  —  r  It 
=  v/  — ■  —  i.     "Whence,  velocity  in 

yir — d  

— -j —  :  i  : :  V  ir  —  di 

Cor.  i .  The  velocity  in  the  aphelion  A  :  is  to  the 
velocity  at  the  mean  dijlance  SD  :  :  AF  :  CD  the  fe- 
miconjugate. 

For  vel.  at  A  :  vel.  at  D  :  :  v/FA  :  y/SA  or 

v/FP  :  :  v/FA1  X  :  v/FA  X  FP  :  :  FA  :  CD,  (by 
Prop.  III.  Ellipfis). 

Cor.  2.  The  velocity  in  the  perihelion  P  :  velocity 
at  the  mean  dijlance  SD  :  :  FP  :  CD,  the  femicon- 
jt'gate. 

For  vel.  at  P  :  vel.  at  D  :  :  v/FP  :  v/SP  :  I 

v/FP1  :  \/SP  X  FP  :  :  FP  :  CD  :  :  SA  :  CD. 

/FNT 
Cor.  3.  The  velocity  in  any  place  N  is  as  ^J  -~rr 

By  the  demonftration. 

PROP.     XII.     Prob. 

77>    To  find  the  fan's  place  and  dijlance  at  a  given  time, 

Let  L  —  arcli  vAo,  the  fun's  mean  longitude 
or  mean  place. 
P  z:  rA,  the  place  of  the  apogee. 
A  zz  fun's  mean  anomaly,  AD  o  . 
E  —  equation  belonging  to  the  anomaly  A, 

which  is  +  or  — . 
G  zz  arch  belonging  to  the  equation  of  time, 
which  is  4~  or  — . 

D  =3 
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D  z=  log.  diftance  for  the  fame  anomaly.       Fig. 
Then  L  +  E  +  G  =  fun's  true  place,  or  P  -\-  A  +  77. 

E  -f-  G  ~  fun's  place, 
and  numb,  of  the  log.  D  z=  his  diftance. 

The  Rule  at  length. 

1.  From  the  tables  of  the  mean  motion  of  the 
fun,  write  on  it  the  numbers  for  the  year,  month, 
day,  hour,  minute  and  fecond ;  for  the  fun's  ano- 
maly, and  place  of  the  apogee,  in  two  feparate 
columns.     And  add  them  up. 

2.  To  the  fun's  mean  anomaly  add  the  place  of 
the  apogee ;  and  the  fum  is  the  fan's  mean  longitude. 

3.  Seek  the  mean  anomaly  in  the  table  of  the 
fun's  equations,  and  take  the  equation  and  propor- 
tional part,  anfwering  thereto ;  which  fubtracted 
from,  or  added  to,  the  mean  longitude,  as  the  ta- 
ble directs,  gives  the  fun's  true  longitude,  to  the 
mean  time ;  rejecting  360  deg.  when  it  exceeds 
that. 

4.  Find  the  equation  of  time  in  the  general  ta- 
ble, anfwering  to  the  fun's  true  longitude.  Find 
that  equation  in  the  table  of  the  fun's  mean  ano- 
maly /or  hours,  &c.  and  againft  it  is  the  arch,  which 
(according  as  the  abfolute  equation  of  time  was  + 
or  —  )  is  to  be  added  to,  or  fubtracted  from,  the 
fun's  longitude,  gives  his  correct  longitude  for  the 
apparent  time  given. 

5.  In  the  table  of  the  fun's  mean  anomaly,  find 
the  log.  diftance  anfwering,  and  the  proportional 
parts  •,  the  number  thereof  is  the  true  diftance. 

Note,  if  you  make  ufe  of  tables,  printed  before 
1752;  you  muft  take  out  for  11  days  lefs,  after 
that  time. 
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Fig 
77- 


Fig. 
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Ex.  i. 

To  fnd  the  fun's  place,  Jan.  31,   1766,  at  noon. 

By  Halley's  Tables. 
©  mean  anom. 


6  12   13  28 

19  42  43 


7     *   56   11 

3     8  44  56 


Long,  apogee. 

SO/// 

3     8  44  53 
3 


3     8  44  56 


10   10  41     7  eq.  time 
-f-     1     2  40     +i4'  8" 


10   11   43  47  arch  +  35" 
+   35 


An.  1766 

Jan   31. 

O  m.  anom. 

ap. 

G  m.  long. 

eqna. 

O  true  long. 

eq.  time 

10   11  44  22  his  correct  place. 
Log,  diftance  -  4-993755- 

Explanation. 

In  the  table  of  the  mean  motions  of  the  fun, 
againft  1766,  you  have  the  fun's  mean  anomaly  6* 
1-2°  13'  28",  and  the  place  of  the  apogee  3s  8°  44' 
5l"  •,  to  thefe  add  the  motions  for  Jan.  31,  which 
are  190  42'  43",  and  3".  And  you  have  the  fun's 
mean  anomaly  7s  i°  56'  11",  and  place  of  the  apo- 
gee 3s  8°  44'  56".  Whofe  fum  10s  io°  41'  y"  is 
the  fun's  mean  longitude  for  that  time.  Then  the 
equation  for  the  mean  anomaly  7s  i°  being  i°  il  2", 
the  equation  for  7s  i°  56'  n"  is  i°  2'  40^5  which 
(by  the  table)  added  to  the  mean  longitude,  gives 
10s  1 1°  43'  47"  for  the  fun's  true  longitude.  Then 
the  abfolute  equation  of  time,  anfwering  to  the  fun's 
longitude,  is  +  1 4!  8",  correfponding  to  which,  in 
the  table  of  the  fun's  mean  motion  for  hours,  &c. 
we  have  -4-  35,  which  added  to  the  fun's  longitude 

before 
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before  found,  gives  10s  n°  44/  22"  for  his  correct  Fig 
longitude.     And  finding  the  mean  anomaly  in  the  yy. 
table  of  the  fun's  diftances,  you'll  find  (by  pro- 
portional parts)  the  log.  of  his  diftance  4.993755. 

Ex.  2. 

Find  the  fun's  place  Oct.  25,  1768,  at  half  an 
hour  paft  nine  in  the  morning. 

Here  becaufe  'tis  in  the  morning  you  muft  write 
Oct.  24d  2ih  30m;  but  becaufe  it  is  leap  year,  and 
after  February,  you  muft  add  a  day  \  fo  the  time 
is  Oct.  25d  2ih30m. 

By  HalleyV  Tables. 


G  mean  anom. 
o      /     // 


An.  1768 
Bif.  Oct.  25 

2Ih 

3om 

O  m.  anom. 

f 

O  m.  long. 

equate 

©  true  long. 


6  11  42  48 
9  12  52     3 

51  45 
1   14 


Long.  apog. 

so/// 

3     8  46  55 
48 


3     8  47  43 


3  25  27  5o 

3     8  47  43 


4  15  33 

1  45  57 


equat.  time 

—  i5m  50s 
arch 

-39" 


2  29  $6 

—  39 


I  7     2  28  57  0  correct  place. 
Log.  diftance  —  4.996930. 


Some  tables  give  the  fun's  mean  longitude  at 
once ;  and  then  the  place  of  the  apogee  is  to  be 
fubtracted  from  the  longitude,  to  find  the  mean  ano- 
maly. For  F  +  A  — Tl,  and  A  =  L  —  P.  And 
this  way  is  as  fhort  as  any. 


0.3 
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Fig. 

PROP.    XIII. 

6$.  Let  E  be  the  earth  in  its  orbit  AE,  P  a  planet  in 
its  orbit  NPC,  PB  perpendicular  to  the  ecliptic,  S 
the  fun  ;  then  the  fine  of  the  angle  of  commutation  re- 
duced to  the  ecliptic,  ESB  :  is  to  the  fine  of  the  elon- 
gation BES  :  :  as  tangent  of  the  ^heliocentric  latitude 
PSB  :  to  tangent  of  the  geocentric  latitude  PEB. 

For  let  SAN  be  the  line  of  the  nodes,  and  draw- 
SB  and  EB,  then  in  the  plain  triangle  ESB,  S.ESB  : 
S.SEB  :  :  EB  :  SB.  And  in  the  right  angled  tri- 
angles EBP,  SBP  i  EB  :  BP  :  :  rad  :  tan.  BEP  zz 

BP  BP 

gg  x  rad.     And  SB :  BP  :  :  rad  :  tan.  BSP  =  -^ 

X  rad.     Therefore  /.BEP  :  tan.  BSP  ::^  — :: 
SB  :  EB  :  :  S.SEB  :  S.ESB. 

Cor.  As  fine  of  the  angle  of  commutation  of  the 
planet  in  its  proper  orbit,  ESP  :  fine  of  the  angle  of 
elongation,  PEj  :  :  fine  of  the  heliocentric  latitude 
BSP  :  fine  of  the  geocentric  latitude  BEP. 

tt       cp   -  PfiXrad  ,  '       PBxrad 

For  SP  zz  -s^slr->   and  EP  zz  -^gp-; 

therefore  SP  :  EP  :  :  g-^p  :  g-gfp  :  :  S.BEP  : 
S.BSP  :  :  SP  :  EP  :  :  S.SEP  :  S.ESP. 

PROP.     XIV.    Prob. 
'$8.      To  find  the  place  of  a  planet,  at  a  given  time. 

Let  L  zz  planet's  mean  longitude  or  place,  «v  Np. 
F  zz:  longitude  of  the  aphelion,  tNA. 
L  —  F  zz  A  zz  mean  anomaly,  Anvp. 
E  ~  equation  for  A,  •+-  or  — . 

Nzz 


Ti.32L.pa.  -23"> 
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N  zz  place  of  the  afcending  node,  v  N.         Fig. 
L  +  E  =  H  zz  heliocentric  longitude. 
H  —  N  zz  argument  of  latitude,  NP. 
R  —  reduction  belonging  to  H — N,  +  or — . 
Then  L  4-  E  +  R  zz  true  heliocentric  longitude* 
Again, 
Let  B  zz  diftance,  for  A,  SP. 

X  zz  heliocentric  latitude  PSp,  and  c  zz  cur- 
tation,  for  H  —  N. 
then  B  —  C  zz  diftance  in  the  plane  of  the  ecliptic,  S/>. 
and  the  geocentric  latitude  is  found  by  Prop.  XIII. 
Then  in  the  triangle  formed  by  the  earth,  fun,, 
and  planet ;  there  are  two  fides,  and  the  included 
angle  at  the  fun,  given ;  to  find  the  angle  at  the 
earth,  which  added  to,  or  fubtracted  from,  the  pla- 
net's true  heliocentric  longitude,  according  to  their 
pofition,  gives  the  geocentric  longitude. 

It  is  the  eafieft  way  to  draw  a  figure,  as  it  di- 
rects the  whole  work,  and  makes  the  procefs  in- 
telligible. 

If  you  calculate  by  tables  printed  before  1752  ; 
you  muft  take  out  for  1 1  days  lefs,  after  that  year*. 

The  Rule  at  length, 

1 .  Find  the  fun's  place  and  curtate  diftance  by 
Prop.  XII.  to  the  given  time  equated.  The  op- 
pofite  to  that  is  the  earth's  place. 

2.  From  the  tables  of  mean  motion,  take  out 
the  planet's  mean  longitude,  the  places  of  the 
aphelion,  and  node,  for  the  mean  time,,  which  put 
in  feparate  columns  ;  and  add  them  up. 

3.  From  the  planet's  mean  longitude,  fubtract 
that  of  the  aphelion,  the  remainder  is  the  mean, 
anomaly  •,  which  in  fome  tables  is  given  at  once. 

4.  Find  the  equation  for  the  mean  anomaly,  and 
add  it  to,  or  fubtract  it  from,  the  mean  longitude,, 
as  the  table  directs,  gives  the  planet's  heliocentric 
longitude. 

0^4  5-  From 
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Fig.  5.  From  the  heliocentric  longitude  of  the  planet, 
fubtract  that  of  the  node  j  the  remainder  is  the  ar- 
gument of  latitude. 

6.  For  this  argument  of  latitude,  in  its  proper 
table,  find  the  reduction,  heliocentric  latitude,  and 
curtation. 

7.  The  reduction  added  to,  or  fubtracted  from, 
the  heliocentric  longitude,  as  the  table  directs ;  gives 
the  true  heliocentric  longitude  of  the  planet  in  the 
ecliptic. 

8.  Find  the  diftance  for  the  mean  anomaly,  from 
which  fubtract  the  curtation  \  the  remainder  is  the 
curtate  diftance  of  the  planet. 

9.  Take  the  difference  of  the  longitudes  of  the1 
earth  and  planet,  which  is  the  angle  of  commuta- 
tion, or  angle  at  the  fun. 

10.  In  the  triangle  made  by  the  fun,  earth  and 
planet-,  find  the  angle  of  elongation;  which  add 
to,  or  fubtract  from,  the  fun's  place ;  according  as 
the  planet's  apparent  place  or  the  fun's  place  is  fore- 
moft,  which  will  appear  by  the  figure  \  and  you 
have  the  geocentric  place  of  the  planet. 

1 1 .  The  latitude  is  found  by  the  proportion  in 
Frop.  XIII. 

Ex  amp.    1 . 

To  find  the  geocentric  place  of  Mars,  Nov.  12, 
1761,  at  noon,  meantime. 

By  Prop.  XII.  The  fun's  pb.ee  is  7s  2id  n'  45", 
and  the  earth's  is  21"  1 1'  45".  And  the  log.  cur- 
tate diftance  rz  4.995016,  and  diftance  zr  99^9, 
Then  tor  the  planet's  place. 


% 


Seft.  V. 

year 

1761 

Nov.  12 

m.  Ion. 

equa. 

hel.  Ion. 
reduc. 

tr.  h.  Ion. 
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Fig. 


rru  long. 
Uj     3  27  42 
5     9  5°  31 


4  13   l8   J3 
+     329 


16  20  22 

—    2 


aph. 

1  44  3° 

58 


416  20  20 


log.  difiV 
curt. 
\.  curt.  dift. 
diftance 


5.219915 
226 

^219689 
165840. 


5  1  45  28 
11  11  32  45 
mean  anom. 


node 
1   17 


3  20 
32 


1  17     3  52 

2  29  16  28 
arg,  lat. 


hel.  lat.  1  50  59  north. 


£  place   4  16  20  20  at  ^ 
O  place    1  21   11  45  at  T 
<Ccom.    2  25     8  35   z:  <  TSp. 

Then  in  the  triangle  TSp,  the  fides  TS,  Sp,  and 
angle  TSp  are  given,  to  find  the  angle  of  elonga- 
tion STp  zr  2  2  33  18,  by  Cafe  4,  of  oblique 
plain  triangles  •,  then, 

from  o  place     7  21   11  45 

take  the  <C     2 2  33   18 

remains  S  } 


i  Gumma  0/  00 

fc       ,  {•    <     l8    28    27 

geocent.  place  5  a         ° 


I 


daftly,  S.  com.  TSp,      85     8  35  ~  9.9984377  78. 

So  elong.  STp,     62  33   «8  —  9.9481457 

tan.  hel.  lat.  TSp,    1  50  59  —  8.5091348 

tan.  geoc  lat.  PTp,  18.4572805 

1   38  58  Nor.  8.4588428 

Ex  amp.  2. 
To  find  the  place  of  Venus  Sept.  9,  1768,  at  5 
o'clock  in  the  morning;  that  is  Sept.  8^  i7h. 

The 
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Fig.      The  fun's  place  by  Prob.  XII.  is  5  17  35  IO  • 

78.  the  equation  of  time  (3'  8")  deduft;  then  the  mean 

time  is  29d  i6h  56»  52s.     And  log.  fun's  diftance 

5.002607,  and  the  diftance  100600.    Then  for  the 

place  of  Venus. 

£j  Halley'j  Tables. 


79< 


mean  Ion. 
5     6  3^  42 


26 
1 


7  20 

4     5 

3  44 

3 


year 

1768 

leap  year 

Sept.  9. 

j6h 

56ra 

52s 

m.  Ion. 

equa. 

hel.  Ion. 

reduc. 

tr.  hel.  Ion. 

log.  dift.  =;  4.857664" 
curt.  20 

1.  cur.  dift.       4.857644 
diftance  72052. 
9  Ion.     6     4  33  56 
G  Ion.    11    17  35   10 
<Ccom. 


6     3  5i   54 
+  40     6 

6     4  32     o 

+     1   56 


aphel. 
ro     7  35  29 

37 


10     7  36 

7  26  15  48 

mean.  anom. 


node 

2   »4  33     1 
21 


6     4  33  56 


2  14  33  22 

3  19  58  38 
argum.  lat. 


hel.  lat.  3  11  1 


5  13 


14 


_  Then  in  the.  triangle  ?  S0,  we  have  two  fides 
given,  and  the  angle  at  S  ;  to  find  the  angle  at  ®x 
7°  4'  34". 

Then  to  the  fun's  place 
add  the  angle  at  0 


,  ?  's  hel.  place 


5  17  35  10 

7     4  34 

5  24  39  44 


Laftly, 
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Laftly,  S.  Gpm.       (163     1   14)  9.4654254  Fig. 

S.  elong.     (     7    4  34)  9'°9°5675  79* 

T.  hel.  lat.  (     311     1)  8.7452446 

T.  geo.  lat.  north                  17.8358121 
.     .     .     .     1  20  38 8-3703867 

In  fome  tables  the-  mean  anomaly  is  had  directly 
from  the  given  year,  month,  day,  &c.  And  by  the 
mean  anomaly,  the  planet's  heliocentric  place  is  had, 
with  its  diflance  and  heliocentric  latitude.  And 
that  method  is  fhorter  than  the  foregoing  one. 

PROP.    XV. 

If  AR,  CB  be  the  orbits  of  two  planets,  both  cir-'So; 
cular,  and  in  the  fame  -plane  •,  S  the  fun  in  their  com- 
mon center.  Put  the  radius  SA  or  SR  —  r,  ra- 
dius SB  —  R.  %ben  fuppofing  one  of  them  A  orB 
to  be  the  earth  ;  the  other,  any  planet  •,  then  that  pla- 
net will  appear  jlationary  to  a  fpetlator  at  the  earthy 

x/Rr 
when  the  cofine  of  the  angle  A  SB  ~  p  -rr:   ; 

radius  being  1. 

Let  the  two  planets  be  at  A  and  B.  Let  A  move 
thro'  the  fpace  aA,  whilft  B  moves  thro'  the  fpace 
bB.  Therefore  a  A  and  bB  are  the  velocities  of  the 
two  planets  ;  and  thefe  (by  Cor.  5.  Prop.  V.  cent, 
forces)  are  reciprocally  as  the  fquare  roots  of  the 
radii  r  and  R.  Now  that  one  of  the  planets  may 
appear  llationary  at  the  other,  the  lines  connecting 
them,  ab  and  AB,  muft  be  parallel-,  otherwife 
they  cannot  be  directed  to  the  fame  ftar  or  point 
in  the  heavens.  Produce  a  A  and  bB  to  interfecl  in 
F  ;  or  which  is  the  fame  thing,  draw  AF,  BF  per- 
pendicular to  the  radii  SA,  SB,  to  meet  inF.  Then 
fince  the  angles  at  A  and  B  are  right,  the  figure 
FBAS  will  be  infcribed  in  a  femicircle  whofe  dia- 
meter 


J1 
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Fig.  meter  is  FS ;  therefore  the  angle  BFA  se  BSA, 
80.  AFS  zz  ABS,  FSB  =  FAB,  and  DFS  =  fupple- 

ment  of  BAS. 

Let  FB  zz  x,  BD  =  .y,  then  DS  zz  R  —  y,  and 

fince  <z£,  AB  are  parallel,  FB .  (x)  :  FA  :  :  Bb  : 

haw^/r  :  </R  :  :  I  : \f  — ;  therefore  FA  =  * 

.,  and  FA*  =  -^.     Alfo  in  the  right  angled 
r  r 

triangles  FBS  and  FAS,  FA2  +  rr  zz  FS2  =  xx 

+  RR,  and  FA2  —  RR  —  rr  -f  xx  ;  therefore 

Rxx      '   .-  

—  RR  —  rr  +  xx.  and  Rxx  —  rxx  zz  RR  —  rr 

r 

RR  —  rr 

X  r,  whence  *  *  —     „ —  XrzzR  +  rXrzz 

Rr  +  rr.     Alfo  x#  —  rr   rr  Rr.     And  FA  = 

y/Rr  +  r/-  X  ,/—  —  v/RR  +  Rr. 

Again,  by  the  fimilar   triangles  SAD,    FBD ; 

FB  (*)  =  BD  (y)  :  :  SA  (r)  :  AD  zz  ~-   Alfo,  SA 

R#  —  y# 
(0  :  SD  (R  —  y)  :  :  FB  (x)  :  FD  zz ^--  And 

Rx  —  yx       ry 

FA  zz  FD  +  DA  zz —  +  -  zz 

r  x 

R.va:  — yxx  4-  rry  /R 

! zz  x  u  — »   by  what  went  be- 

r#  v   r       ; 

/R 

fore.      Therefore  R.w  —  yxx  +  rry  zz  rxx  +J  — • 

zz  Xtf^/R^*     And  Rxx  —  xx  \/Rr  zz  xxy  —  777, 

R  — -v/Rr         R  —  v/R^     

and  y  zz ##  zz 5 X  Rr  +  rr 

J  xx  —  rr  Rr 

R  —  ^/Rr 


|7 X  R  +  r.  Or  multiply  both  nume- 
rator and  denominator  by  R  +  \/Rr,  then*jy  zz 

RR 
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RR  —  Rr         — —  __  R="rxF-Tr   _  Fig- 

RXR  +  y^r  R  +  v/Kr  "  8o« 

RR  — rr 

R  +  y/Rr' ' 

R  —  y/Rr     

Hence  SDzzR—  y  =  R  — g XR+r 

RR  —  RR  —  Rr  +  R  y/Rr  +  r^/Rr   l 

_  —  R  — 

R+T^Rr-R^  ^  SD  :  md  (i)  :  ■  SA  W; 

R 

Rr y/Rr 

S.SDA  =  ==  ^Rr  _  Rr  -  R  +  r  _  ^^ 

=  cof.  angle  ASB. 

R  —  r 
Cor.  1 .  y^y?^  of  the  angle  ASB  =  R    ,R  ,y 

\/R  +  r. 

For  in  the  triangle  FBD,    FB   (*)   :   S.D 

(- v/Rr  yp   )  : :  BD  QJ  :  S.F  =  £  X  S.D  = 

\R  +  r  — y/Rr/  w/  x 

R  —  y/Rr  X  R*+7  y  \/R^  _ 

R  V^Rr  +  rr  R  -j-  r  —  y/Rr 

v^R-v/rx/R  +  r,  whkh  may.be  otherwife 

R  +  r  —  ^/Rr 
expreffed  by  multiplying  both  numerator  and  de- 
nominator by  y/R   +  v/r »  tnen  SiF!   = 

R  —  rXV^F+7  

Ry/R  +  ry/R  — •  Ry/r  +  Ry/r  -f-  ry/r  —  ry/R 

R r s/R  -J-  r 

-  _ — 1 — LiLTi!  =  S.ASD. 
Ry/R  +  ry/r 

Cor.  2.  27>?  tangent  of  the  angle  ASB   = 
Ry/r— ry/R    . 

kT— ^/r+7' 

For 
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Fig.      For  in  the  triangle  FBD,  FB  (*)  :  rad  (i)  :  ■  BD 

8°-  (J)  :  can.  BFD  or  ASB  =  *-  =  ^^F' 

R—v/Rr    . R^/r  —  rv/R    , 

?  ;^\*^-  Rr  ^+^ 

This  alfo  may  be  reduced  to  another  form  by  mul- 
tiplying both  numerator  and  denominator  by  R^r 

+  *\/R>  and  then  it  becomes  -r> — = — ; 77—  • 

R^/r  +  r^/R 

Cor.  3.  STfo  tangent  of  the  angle  ABS,  at  the  up- 
per crbit.,  is  zz     , =-  • 

*  x/RR  +  Rr  , 

For  in  the  triangle  AFS,  FA  (v/RR  +  Rr)  : 
rad(i):  :  SA  (r)  :  tan.  AFS  =  - 


v/RR  +  Rr 
tan.  ABS. 

Cor.  4.  The  tangent  of  the  angle  BAS,  at  the  lower 

,.     .  R 

w&/,  ?j  zz . 

vRr-f  ?T 


For  in  the  triangle  SBF,  FB  (</Rr  +  rr)  :  rad 

(1)  :  :  BS  (R)  :  -—?__  -  tan.  angle  BFS  or 

VRr  +  rr 
its  fupplement  BAS,  which  is  greater  than  a  right 
angle. 

Cor.  5.  When  any  planet  is  Jl ■ationary,  the  tangent 
of  the  angle  at  the  earth,  is  to  the  tan.  of  the  angle  at 
the  planet ;  as  the  periodic  time  of  the  planet  *  to  the 
periodic  time  of  the  earth. 

R  r 

For  tan.  A  :  tan.  B  : : :  = 

R  *  r-         -       » 

'   ^v  :  ^7r  : :  R  v/R  :  r  * r  '• :  Rl :  rX  :  :  pen 

time,  of  B  :  per.  time  of  A.  Cor, 
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Cor.  6.  There  is  another  point  G,  as  far  beyond  Fig. 
R  ;  where  the  planets  at  G,  B,  will  appear  ftationary  80. 
from  one  another. 

For  the  pofitions  of  all  the  lines  remain  the  fame 
at  G  and  B ;  as  at  A  and  B. 

Cor.  7.  Let  the  two  curves  AR,  CR  be  ellipfes  or 
any  other  curves  as  well  as  circles  ;  the  planets  A,  B 
moving  in  them,  will  appear  ftationary,  when  the  Horn 
gents  AF,  BF  are  proportional  to  the  velocities  at  A 
and  B. 

For  if  AF,  BF  be  as  the  velocities  in  A  and  B* 
they  will  be  as  a  A  and  bB,  and  therefore  ab  AB 
will  be  parallel ;  and  confequently  the  planets  will 
appear  ftationary  to  one  another. 

Cor.  8.  Hence  in  circular  orbits,  and  nearly  in  el- 
liptical ones  *,  the  place  of  the  earth  may  be  determined, 
from  which  a  planet,  in  a  given  point  of  its  orbit , 
will  appear  ftationary.  For  there  is  no  more  to  do, 
than  to  find  the  angle  at  the  fun,  between  the  planet 
and  earth,  which  will  determine  the  two  points  of  the 
earth's  orbit  9  where  it  mufi  be  at  the  time  of  fiation. 

PROP.      XVI.     Proh 

To  find  the  time  when  any  planet  will  appear  ft  a* 
tionary. 

If  the  orbits  of  the  planets  were  exact  circles, 
the  time  might  be  exactly  found.  But  as  they  are 
all  elliptical,  there  is  no  direct  method  to  find  the 
time.  Yet  as  their  orbits  do  not  differ  a  great  deal 
from  circles,  one  may  approach  near  hand  it,  and 
the  reft  muft  be  done  by  trials.     To  proceed  theny 

1.  Having  the  mean  diftances  of  the  earth  and 
planet,  find  the  angle  at  the  fun  between  the  earth 
and  planet  when  the  planet  is  ftationary  by  the  laft 
Prop. 

2.  For 
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Fig.  2.  For  the  time  you  enquire,  or  any  other  fixt 
time,  find  the  heliocentric  places  of  the  earth  and 
planet,  and  confequently  the  angle  between  them, 
made  at  the  fun,  (by  Prop.  XII.  and  XIV).  If 
that  angle  be  the  fame  with  the  angle  of  ftation 
found  by  the  firft  article  ;  then  this  will  be  the  time 
required  nearly.     But  if  not,  then- 

3.  Find  out  the  number  of  days,  that  the  earth 

and  planet  have  to  move  in  their  orbits,  till  they 

make  that  angle  ;  which  may  be  done  thus.     Let 

P  be  the  periodic  time  of  the  planet,  p  that  of  the 

earth,  x  — :  number  of  days  required.     Then  P  : 

2  6ox 
360°  :  :  x  :  —77-  >   the  arch  run  thro'  by  the  pla- 

o  00  V 
net.     And  p  :  360°  :  :  x  :  1 — 1,  the  arch  run  thro* 

P 

by  the  earth.     Then  the  difference  of  thefe  arches 

or  angles  mult  be  put  equal  to  the  fum  or  differ- 
ence of  the  angles,  found  by  art  1  and  2,  as  the 
cafe  requires  ;  then  by  reduction  x  is  found,  which 
reckoned  forward  from  the  time  you  compute, 
gives  the  time  of  ftation  nearly. 

4.  But  becauie  of  the  elliptic  figures  of  the  pla- 
netary orbits,  this  may  not  happen  to  be  the  pre- 
cife  day ;  therefore  by  Prop.  XIV,  find  the  geo- 
centric longitude  of  the  planet  for  that  day,  and 
alio  for  the  next.  If  they  happen  to  be  the  fame, 
then  the  planet  is  ftationary,  in  one  of  thefe  days. 
If  not,  obferve  whether  it  is  direct  or  retrograde. 
If  it  be  direct,  it  is  either  fhort  of  the  firft  ftation 
or  paft  the  fecond.  If  it  is  retrograde ;  it  is  either 
paft  the  firft  or  fhort  of  the  fecond  ftation.  Ac- 
cordingly you  muft  take  3,  4  or  5  days  fooner  or 
later  than  this  time,  as  the  cafe  requires,  and  com- 
pute anew  the  geocentric  longitude  of  the  planet 

'  for  that  time  and  the  day  after.  If  thefe  do  not 
ftill  agree,  you  muft  take  a  new  time,  and  com- 
pute again,  till  at  laft  you  find  them  to  agree, 

5.  When 
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5.  When  you  are  within  a  day  of  the  true  time,  Fig. 
compute  the  planet's  geocentric  longitude  for  three 
fuccefuve  days,  and  by  having  the  progrefs  or  re- 
grefs  of  the  planet  for  thefe  times ;  the  method  of 
interpolation  will  give  the  exact  time  of  the  fta- 
tion. 

Example* 

To  find  the  time  of  Jupiter's  ftation  next  after  8i.' 
April  1,  1768. 

Let  AG  be  the  earth's  orbit,  BC  Jupiter's,  SA 
zz  10000  zr,    SB  z  52010  z  R,  p  —  365  ~ 
daysj  P  zz  43324.     Then* 
v'Rr 

*>  r  +  r  _  v/Rr  =  -5Si87  zz  cof.  54  25  zz 

angle  DSG,  the  angle  of  ftation. 

2.  On  the  firfb  of  April  the  earth's  heliocentric 
longitude  is  — •  - —  —  6s  120  16' 
Jupiter's  heliocentric  longitude  —  6"  17  36 
the  difference  is  the  angle  ASB     —    —      5    20 

So  that  Jupiter  is  pad  the  firit  ftation,  and  is  con- 
fequently  retrograde  j  but  not  come  to  the  oppofi- 
tion  with  the  fun. 

360^  260X 

3.  Here  — —  zz  .9856*  zz  ASG,  and  ~pj—  = 

.083 1#  zz  BSD;  and  .9856*  —  .083 i#  or  .9025a? 
zz  ASG  —  BSD  zz  ASB  +  DSG  zz  50  20'  +  540 

^9.75 
25'  ==  59°  45>   =  59°  75!  i  therefore  x  zz  ^^  zz 

66.2  days  after  the  firfb  of  April,  which  fails  on 
the  6th  or  7th  of  June,  which  is  nearly  the  time  of 
the  fecond  ftation,  or  that  where  the  planet  ceafes 
to  be  retrograde,  and  begins  to  be  dired,  its  place 
being  at  D,  and  the  earth's  at  G. 

4.  But  Jupiter's  geocentric  place  on  June  6th  is 
68  1 30  1''  5" -,  and  on  June  7th,  6s  130  d  45"; 
therefore  he  is  ftill  retrograde,  and  not  come  to  his 

R  fecond 
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Fio-.  fecond  ftation.  Therefore  advance  three  days  more, 
i.  which  brings  it  to  June  9th  and  10th  •,  then  Jupi- 
ter's geocentric  place  computed  for  thefe  two  days 
is  6s  13°  o'  12"  for  both;  fo  that  the  ftation  is  be- 
tween thefe  times.  And  computing  alfo  for  the 
8  th  or  elfe  for  the  1  ith  ;  the  differences  will  find 
the  exact  time  by  interpolation. 

Scholium. 

It  may  be  obferved,  that  if  A  -  fum  or  dif- 
ference of  the  angles  found  by  Art.  1.  and  2.  that 
.9025*  —  A,  is  a  general  formula  for  finding  th« 
time  •,  ferving  in  all  cafes  for  Jupiter. 

They  that  calculate  the  geocentric  places  of  the 
planets  for  every  day  in  the  year,  may  fee  at  once, 
by  inipection,  when  the  ftations  happen  ;  and  whe- 
ther the  planets  are  retrograde  or  direct  at  any  time. 
This  is  done  in  fome  ephemerides. 

PROP.     XVII.     Prob. 

Having  given  the  time  of  any  one  tranfit  of  Mer- 
cury or  Venus  over  the  fun's  dijk  ;  to  find  all  the  times 
-wherein  we  may  expeoi  to  fee  the  tranfit  of  the  fame 
planet^  when  it  is  in  the  fame  node. 

It  is  matter  of  obfervation,  that  the  inferior  pla- 
nets fometimes  pafs  over  the  fun's  difk,  and  appear 
therein  like  black  fpots.  This  can  only  happen 
when  thefe  planets  are  retrograde,  and  the  earth  and 
the  planet  in  or  near  the  line  of  the  nodes.  Con- 
fequently  if  the  planet  enter  into  the  fun's  difk, 
the  fun  muft  be  fo  near  the  node,  that  the  geocen- 
tric latitude  of  the  planet  exceed  not  the  fun's  ap- 
parent femidiameter.  For  if  it  does,  it  is  evident, 
the  planet  will  not  appear  in  his  difk. 

Since  the  line  of  the  nodes  of  each  planet  is 
nearly  fixt  in  one  place,  it  follows,  that  the  earth 

will 
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will' be  in  the  line  of  the  nodes,  always  in  the  fame  Fig. 
point  of  its  orbit;  and  therefore  the  planet  beino- 
retrograde  in  the  afcending  node*  and  at  the  fame 
time  the  earth  in  the  line  of  the  nodes,  will  al- 
ways be  about  the  fame  time  of  the  year.  And 
in  the  defeending  node  at  another  certain  time  of 
the  year. 

Now  the  time  being  given,  when  the  earth*  fun 
and  planet,  are  in  this  pofition  once  ;  it  is  required 
to  find  when  this  will  happen  again.  Therefore 
let  P  zz  periodic  time  of  the  earth,  p  —  the  perio- 
dic time  of  the  planet.  Then  if  we  find  two  whole 
numbers  x  and  y,  fuch  that  x  revolutions  of  P  may 
be  exactly  or  very  nearly,  equal  to  y  revolutions,  of 
pi  then  the  planet  and  earth  will  come  into  the 
fame  pofition  in  the  line  of  the  nodes  as  before. 

p         x 
Therefore  Fx  zz  py,  and  -5-  —  —    Therefore  (by 

Prob.  IX.  Ch.  IV.  B.  II.  Arithmetic;  to  find  two 
numbers  x,  y,  in  the  fame  ratio  as  P  and  P,  an4 
they  will  fatisfy  the  demand. 

1.  For  Mercury, 
Here  P  zz  363d  6h  a/"  zz  365.256;  andp  zz.  %f 

23h  I5m  zz  2?.96S.     Then  we  fhall  find  -p  zz  — 

J 
1         6         7        13        23         46 

~  7  ~~5=^"li~~L37~  T97'&c'  each 
ratio  approaching  nearer  and  nearer,  x  is  the  number 
of  fydereal  years  wherein  this  event  may  be  expect- 
ed again ;  at  the  end  of  1  year  it  cannot  happen, 
at  the  end  of  6  years  it  rarely  happens,  but  often 
at  the  end  of  7.  Alfo  at  the  end  of  13,  23-,  46, 
or  any  additions  made  by  them,  it  will  probably 
appear. 

Dr.  Halley,  in  the  ifland  of  St.  Helena,  obferved     ' 
Mercury  in  the  fun,  Oct.  28,  1677,  oldftile.     To 
R  2  this 
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Fig.  this  year  add  13,  3^  46,  or  their  doubles,  &C. 
and  that  will  give  the  year,  this  event  will  proba- 
bly happen  again,  which  will  always  be  about  the 
end  of  October  old  ftile,  or  the  beginning  of  No- 
vember new  ftile.  The  planet  being  then  in  its  af- 
cending  node.  Thus  adding  92  or  twice  46  to  1677, 
you  have  1769  for  the  year,  when  Mercury  will  ap- 
pear again  in  the  fun,  in  the  month  of  November 
new  ftile.  But  to  know  more  nearly  the  time  of  the 
tranfit,  thefe  fydereal  years  fhould  be  reduced  to 
Julian  years,  by  adding  lb  many  times  9  minutes, 
as  is  the  number  of  years  elapfed ;  but  without 
this  it  is  exact  enough  for  our  ufe.  Hence  in  the 
year  1769,  about  Oct.  28,  old  ftile,  or  Nov.  8,  new 
ftile,  we  may  expect  this  tranfit  will  happen  again 
at  London. 

The  number  92  is  divifible  by  4,  but  if  it  had 
not,  you  mult  compare  the  odd  years  with  the 
common  and  leap  years,  to  find  how  much  the 
time  overruns  or  falls  fhort,  in  thefe  odd  years. 

Again  for  the  defcending  node  •,  Hevelius  ob- 
ferved  Mercury  in  the  fun  1661,  Apr.  23,  old  ftile ; 
reduced  to  London,  it  happened  Apr.  23d  4h  52™, 
old  ftile.  By  the  nearnefs  of  the  earth  and  Mer- 
cury in  this  node,  it  happens  that  Mercury  and  the 
fun  come  not  in  conjunction,  in  either  6  or  7  years  -, 
therefore  to  the  year  1 66 1,  add  continually  13,  33 
and  46  years,  or  their  doubles,  &c.  and  you  will 
have  ail  the  years  wherein  the  tranfit  is  to  be  ex- 
pected, when  the  planet  is  in  its  defcending  node  ; 
which  will  always  be  towards  the  end  of  April  old 
ftile,  or  the  beginning  of  May,  by  the  new  ftile. 
Thus  add  13  and  46,  or  59  to  1661,  and  the  fum 
is  1720  for  the  year  when  a  tranfit  will  happen. 
Alfo  to  1720  add  twice  33  or  66>  and  the  firm  is 
1786  for  the  year  of  another  tranfit,  to  be  looked 
for  Apr.  23d  5h.  The  laft  odd  year  is  a  common 
year  of  365  days  only.     Therefore  add  6  hours, 

and 


PLAN 


ii 


E    T    S.  245 

,  old  ftile,  or  May-  3d  Fig. 


Sea.  V. 

and  the  time  is  Apr.  23 
nh  new  ftile,  1786. 

Dr.  Halley  has  calculated  the  times  of  the  tranfits 
of  Mercury  as  follows ;  for  the  old  ftile. 


Years 

Month 

Years 

April 

d 

h 

m 

d 

h   m 

1677 

Odob.  28 

0 

28 

1661 

23 

4  52 

1690 

30 

18 

2 

1674 

26 

12  29 

1697 

23 

18 

1 1 

1707 

24 

12   6 

1710 

26 

11 

45 

1720 

26 

x9  43 

1723 

29 

5 

J9 

1740 

21 

i1  43 

1730 

22 

5 

28 

!753 

24 

19  20 

1736 

30 

22 

53 

1786 

22 

18  57 

J743 
l75$ 

24 
26 

23 

16 

2 

3& 

j  799 

26 

2  34 

1769 

29 

10 

JO 

1776 

22 

10 

*9 

1782 

Nov.   1 

3 

44 

iyS9 

oa.    25 

3 

53 

2.  iw  Venus. 
Here  P  1=365.256,  and/>  =z  224.700.  Whence 
&c.   omitting  fome  fmalt 


P 


8      235      713 


13     382      ll59 
fraaions  of  no  confequence.    Therefore  if  a  tranfit 

appears  at  any  time,  it  will  probably  appear  again 
after  8  years,  or  235  years,  or  713  years,  or  their 
compounds  •,  but  not  often  after  8  years,  their  pe- 
riods not  being  near  enough  in  that  fmall  time.  In 
the  year  1639,  Nov.  24^  6h  3.7™  old  ftile,  Horrox 
obferved  Venus  to  tranfit  the  fun,  being  in  the  af- 
cending  node.  Add  8  and  235,  and  it  is  probable 
it  will  appear  again  in  1747,  and  1874,  towards 
the  end  of  November,  old  ftile. 

Again,    for  the  defcending    node*,    Dr.-  Halley 

computes  that  Venus  will  appear  in  the  fun  in  1 761, 

R  3  about 
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old  ftile,  or  June  5*  i8h,  new 


ftile.     Therefore  Ihe  may  be  expected  to  be  feen 
again  in  the  fun,  in  1769,  June  5d  i8\     And  in 
1796,  June  yd  8h,  and  in  2482,  June  iod  5h,  &c. 
Dr.  Halley  has  calculated  the  tranfits  of  Venus 
as  follows,  for  the  old  ftile. 


Years 

Novem. 

Years 

May 

16  39 

24       6     37 

1761 

25     '7     55 

1874 

26     16    46 

1769 

23     11       0 

2109 

29       2     56 

1996 

28       2     13 

2117 

26     16       3 

2004 

25     19     18 

Scholium. 

It  may  happen  that  our  computations  may  mifs 
the  true  time,  feveral  hours,  or  even  a  day  or  two, 
or  perhaps  the  tranut  may  not  happen  at  all ;  oc- 
casioned by  the  periods  x,  y,  not  being  exact.  For 
if  the  error  that  happens  to  be  in  one  of  them,  be 
often  multiplied,  it  will  amount  to  a  considerable 
difference  in  the  end.  But  thefe  errors  may  be 
rectified,  by  finding  the  heliocentric  place  of  the 
planet  at  the  time  expected,  and  comparing  it  with 
the  -place  of  the  earth  at  that  time,  as  in  the  next 
Prop. 

PROP.      XVIII.     Prob. 

To  find  the  time  of  the  ingrefs  and  egrefs  of  an  in- 
ferior planet,  paffing  over  the  fun's  difk  -x  and  its  near- 
eft  difiancefrom  the  fun's  center. 

Find  the  time  (by  the  laft  Prop.)  when  the  tran- 
sit will  nearly  happen.  For  this  time  find  the  place 
of  the  earth,  and  the  planets  heliocentric  longitude. 
If  thefe  agree,  they  are  then  in  conjunction  ;  but  if 
,  not,  the  time  of  their  conjunction  muft  be  found 
thus.   '  Put  P,  p  for   the  periodical   times  of  the 

earth 
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earth  and  planet ;  then  3 — .  — 2 — ,  —  degr.  which.     & 

p  P 

the  planet  gains  at  the  fun  in  a  day,  put  it  zz  D. 
Then  fay  as  D°  :  iday  :  :  difference  between  the 
earth's  and  planet's  heliocentric  places  in  degrees  : 
to  the  time  in  days,  to  the  conjunction,  or  paft  it ;. 
according  as  the  earth  or  planet  is  foremoft.  But 
if  that  time  does  not  ftill  hit  the  time  of  conjunc- 
tion, the  fame  operation  mult  be  repeated  till  it 
does  ;  or  elfe  the  exact  time  will  be  found  by  the 
rule  of  falfe,  or  the  method  of  trial  and  error. 
When  you  have  found  the  heliocentric  places  of 
the  earth  and  planet  to  agree,  you  have  their  pla- 
ces, being  then  in  conjunction ;  and  at  the  fame 
time  you  have  the  place  of  the  node,  and  the  dis- 
tance between  them  •,  and  by  your  calculation  you, 
have  the  daily  or  horary  motions  of  both  the  fun 
and  planet ;  and  having  the  inclination  of  the  or- 
bit, which  is  the  planet's  path  upon  a  fixt  plane  ; 
from  thefe  data,  the  path  of  the  planet  on  the 
moveable  plane  of  the  fun's  difk  will  be  found,  its. 
diftance  from  the  fun's  center,  when  nearefl ;  and 
the  time  of  the  beginning  and  ending  of  the  tranfit. 

Example. 

To  find  the  time  of  the  tranfit  at  Venus  in 
1769.  By  the  laft  Prop,  the  time  will  be  about 
June  5d  i8h.  Then  by  Prop.  XII.  and  XIV.  on 
June5d  i8h, 

0  place  is         —  8s  150  40'  23'* 

S>  place         —         — 18    17      8      8 

9  paft  the  conjunction  1    27    45  —  i°t^J2^.. 

360 
Here  p  ..zz  2  24d.66,  and—-   —    1.602 14,   and- 

360 

-p-  —  .98561,  whence  D  —  1. 60214  —  .$$561 

R  4.  St 
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Fip\  1.462/; 

^  z=  .61653d.     Then-^  =  2.37idz=2J8h54w 

14s,  the  time  pad  the  conjunction;  therefore  the 
conjunction  was  about  June  3  d  911 5™  4.6*.     Again, 
for  June  3d  9h  5*  46s,   ' 
.    0  place  is  — -  8s   13°  24'   13" 

[9  place      —         —      8    13    22    33 
,9  {hort  of  the  conjunction  1    40  zr  .0278°. 

Then  "by  thefe  two  errors  the  true  time  will  be 
found  June  3d  ioh  9"'  27s.     At  that  time, 

0  place  is         —  —         8s   130  26'  46" 

9  place         —         —         — *  81326    45 

place  of  the  defcend.  node       —      8    14    33    46 

And  Venus  fhort  of  the  node    —  170 

The  time  from  June  3d  gh  5™  46%  to  the  con- 
junction, is   ih  3m  41s  =  6j.68m;    and  the  fpace 
gone  thro'  in  that  time  by  Venus,  is  4/  12"  zz  4!. 2, 
and  by  the  earth  i'  32"  —  2.533. 
82.      Let  S  be  the  fun,  ETB  the  earth's  orbit,  an  a 
portion  of  the  orbit  of  Venus,  VIC  its  projection 
on  the  plane  of  the  ecliptic,  N  the  node.     Let  the 
earth  be  at  E,  Venus  at  a  in  conjunction  with  the 
fun  at  S ;  then  AS,  aV  are  perpendicular  to  the 
plane  of  the  ecliptic.     Thro'  S  draw  a  plane  perp. 
to  SE,  cutting  the  plane  of  the  ecliptic  in  the  line 
SN  ;  then  the  earth  being  at  E,  a  fpectator  will  fee 
Venus  at  a,  in  the  plane  ASN  at  A,  where  AS  is 
perp.  to  SN.     Now  the  way  of  a  body  or  planet 
upon  a  fixt  plane,  placed  at   a  diftance  from  that 
body  •,  feen  from  a  moveable  point,  is  different  from 
the  path  feen  from  a  fixt  point.     Let  the  earth 
move  from  E  to  T,  whilft  Venus  moves  from  V, 
or  a  to  n  ;  draw  Sn  and  SIT.  Now  if  the  earth  had 
flaid  at  E,  Venus  at  n  would  appear  at  N,  and 
would  feem  to  defcribe  the  path  or  way  AN.     But 

the 
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the  earth  being  really  at  T ;  Venus  at  n  will  ap-  Fig. 
pear  at  D,  in  the  line  T#D.     And  therefore  fhe  82. 
will  feem  to  have  defcribed  the  path  AD,  to  a 
fpe&ator  moving  along  with  the  earth. 

To  find  the  time  of  Venus  moving  thro'  Vn,  and 
the  arch  ET  or  VI  moved  through  by  the  earth 
in  the  mean  time.  The  difbance  from  the  node  is 
i°  y1  —  6y'  •,  therefore  fay,  as  4.2  (fpace)  :  63.6$™ 
(time)  :  :  6y'  :  ioi6m  the  time  of  Venus  paffing 
to  the  node.  Alfo  as  63. 68m  (time)  :  2' '.533  (the 
earth's  motion)  :  :  ioi6m  (time)  :  4o'.4,  the  earth's 
motion  in  that  time  zz  arch  ET  or  VI.  Alfo  at 
V  the  heliocentric  latitude  of  Venus  is  oj  58"  zz 
3'. g66  north  —  angle  aSV.  Hence  we  have  aV  zz 
3'.966,  Vn  zz  67',  VI  zz  4o/-4,  and  In  zz  26'. 6 ; 
but  thefe  are  the  heliocentric  motions ;  and  to  re- 
duce them  to  the  geocentric  motions,  as  they  ap- 
pear in  the  figure  ASDN  •,  we  muft  find  the  dis- 
tance of  Venus  from  the  earth  EV,  and  from  the 
fun  j  at  the  time  of  the  conjunction. 

Log.  dift,  of  ?  is  4.861095,  andthedift.  zz  72626.5 
Log.dift.  of  ©  is  5.006566,  andthedift.  zz  101523. 

the  difference        28896.5 

this  is  the  diftance  of  Venus  from  the  earth,  or  EV 
zz  28896,  and  SV  zz  72626  ;  therefore  EV  :  SV  : ; 
28896  :  72626  :  :  1  :  2.513  •,  then  we  fhall  have, 

EV  (i):VS  (2.513):  :aV  or  <aSV  (^.966)1 
<C  aKV  zz  9'. 968  the  geocentric  latitude  AS. 
"   Alfo  fmce  SN  fubtends  the  angle  SEN  or  VEn, 
and  SD  fubtends  the  angle  STD  or  IT»  ;  therefore 

EV  (1)  :  SV  (2.513)  :  :  VSn  or  Vn  (67')  :  < 
VE»orSN  zz  i68'.4;  and 

EV  (1)  :  SV  (2.513)  :  :  IS»  or  In  (26'. 6)  :  ITn 
or  SD  zz  66/. 84;  and  DN  zz  ioi'.6.  Then  in  the 
right  angled  triangle  ASD,  we  have  the  fides  SD, 
SA  given ;  to  find  the  angle  ADS  zz  8°  29',  the 

angle 
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Fig.  angle  of  the  planet's  apparent  way  with  the  eclip- 
tic ;  and  the  hypothenufe  AD  —  6y'.$y. 
83.  In  the  triangle  ASD,  draw  SP  perp.  to  DA ; 
then  by  fimilar  triangles,  DA(6yl.^y)  :  SA(g'.^6S) 
:  :  DS  (66'.84)  :  SP  =z  9'.S6  :  :  SA  ($'.96*)  :  AP 
z:  i'.47  •,  and  SP  is  the  planet's  neareft  approach 
to  the  fun's  center.  Then  AD  :  AP  :  :  ioi6m(time 
of  defcribing  AD)  :  22.14™  =  22m  8%  this  added 
to  June  3d  ioh  9™  27'  the  time  of  the  conjunction, 
gives  June  3d  1011  31™  35s  for  the  middle  of  the 
tranlit. 

The  fun's  apparent  femidiameter,  at  the  timeof 
the  conjunction  is  15'  50".  Therefore  if  FGH  be 
the  fun's  difk,  FAG  the  way  of  Venus  thereon ; 
draw  SF,  SG.  Then  in  the  right  angled  triangle 
SPG  •,  there  are  given  SG  (i^^),  and  SP  (9'.86), 
to  find  PG  or  PF  —  12'.  3  5. 

Laftly  AD  (Sy'-sj) :  PG(i2/.36)  : :  ioi6m(time 
in  AD) :  time  in  AG,  or  half  the  duration  zz  i85m.85 
—  3h  5n  5l5i  therefore  the  beginning  of  the  tran_ 
fit  is  June  3d  yh  25™  44s ;'  and  the  end  is  at  ih  37™ 
26s  next  morning  ;  and  the  whole  duration,  6s  1  im 
'42'.  Thefe  things  wilf  be  fo  if  Dr.  Halley's  tables 
are  true.  And  therefore  in  England  we  may  fee 
the  beginning  of  the  tranfit,  but  neither  the  mid- 
dle nor  the  end  of  it. 

Scholium. 

It  may  be  obferved  that  .61653  is  a  conftant' 
number  for  Venus  in  either  node  ;  and  in  all  tranfits 
of  Venus  in  the  defcending  node,  the  fun's  appa- 
rent femidiameter  will  be  conftantly  151  50"',  the 
apparent  way  of  Venus  with  the  ecliptic,  8  29  ; 
the  diftance  of  Venus  from  the  fun  and  from  the 
earth,  72626,  and  28896.  But  in  the  afcending 
node,  they  will  be  different, 

PROP, 
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Fig. 
PROP.     XIX.     Prok 

7*0  find  the  time  of  the  heliocentric  conjunction  of 
my  two  planets. 

Let  />,  q  be  the  periodic  times  of  the  two  planets, 

pq 
p  beino-  the  greater.   Then will  be  the  mean 

time  between  one  conjunction  and  another,  when 
feen  from  the  fun. 

360 
For  p  :  360  :  :  1  :  ~ -  >   the  degrees  gone  thro* 

in  a  day  by  the  flower  planet.     And  q  :  360  :  :  1 : 

3  °9  the  degrees  gone  through  in  a  day  by  the 

360        360 
fwifter  planet.     Therefore —  —   =  the  de- 
grees gained  in  a  day  by  the  fwifter.     Whence 


:  360  :  time  of  gaining  the  whole 

36o _l M 

360        360 


360       360 

q    ~~    p 

circumference  —  3  _ 

q     '     "    p  i    "   "    P 

in  days. 

Then  if  the  time  of  one  heliocentric  conjunction 
be  known,  the  mean  time  of  the  next  will  be  known, 
and  the  mean  times  of  all  fucceeding  ones.  There- 
fore (by  Prop.  14)  calculate  their  heliocentric  pla- 
ces to  that  time,  and  note  the  error ;  and  it  will 
eafily  appear  whether  the  true  time  is  pail  or  to 
come,  by  confidering  whether  the  fwifter  or  (lower 
planet  is  foremoft.  Then  affume  a  new  time  ac- 
cordingly, and  calculate  their  places  again,  and 
note  the  error.  Laftly,  from  thefe  two  errors  the 
true  time  will  be  found  by  the  common  methods. 
And  this  time  may  be  proved  by  a  new  calculation 
Of  their  heliocentric  places, 

Cor. 
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Fig.  •  Cor.  Hence  the  mean  time  between  one  heliocentric 
conjunction  and  another,  will  be  for  Saturn  and  Jupiter, 
about  20  years,  Saturn  and  Mars  2-f  years,  for  Jupiter 
and  Mars  2~  years.  And  for  anyfuperior  with  an  inferi- 
cr  planet,  fomething  more  than  the  periodic  time  of  that 
inferior.  And  laflly,for  Venus  and  Mercury  about  five 
months. ' 

Scholium. 

The  geocentric  conjunctions  of  the  planets,  can 
be  had  no  otherwife  than  by  repeated  trials,  by  rea- 
fon  they  do  not  revolve  regularly  about  the  earth, 
as  they  do  about  the  fun.  As  the  two  higheft  pla- 
nets come  neareft  to  a  regular  motion  round  the 
earth,  their  geocentric  conjunctions  will  differ  but 
little  from  their  heliocentric  conjunctions ;  and  will 
happen  a  little  fooner  or  a  little  later,  according  as 
the  earth  is  on  one  fide  or  the  other  of  its  orbit. 
Therefore  fince  there  was  a  conjunction  of  Saturn 
and  Jupiter,  March  14,  1762,  there  will  be  no 
more  till  the  year  1782.  The  geocentric  conjunc- 
tion of  Mars  with  either  Saturn  or  Jupiter,  may 
happen  a  good  while  before  or  after  the  heliocentric 
conjunction,  becaufe  the  orbit  of  Mars  is  near  the 
earth's  orbit  •,  and  that  difference  of  time  will  de- 
pend upon  the  place  of  the  earth  in  its  orbit.  The 
time  of  conjunction  of  any  inferior  with  a  fuperior 
planet,  is  more  uncertain  ftill.  And  it  may  hap- 
pen, that  two  conjunctions  may  be  within  a  little 
time  of  one  another,  and  that  is,  if  the  Sun  be  not 
far  from  a  conjunction  with  the  two  planets.  And 
in  general  the  interval  of  time  between  the  geocen- 
tric conjunctions  of  an  inferior  with  a  fuperior  pla- 
net, will  be  a  year  and  fomething  more ;  for  the 
earth  has  to  make  a  revolution,  and  fomething 
more  before  the  inferior  can  come  again  between  it 
and  the  fuperior  •,  and  efpecially  in  Mars,  where 
the  time  will  be  prolonged,  by  reafon  of  his  fwif- 
ter  motion.      Venus  is  fometimes  in  conjunction 

with 


{hfttv/pw  /, 


PLX/4K  ?.J3 . 


pi.xr.^.^-. 
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with  Mercury,  when  fhe  is  retrograde-,  but  very  Fig 
feldom.  And  when  fhe  is  direct,  there  is  but  a- 
bout  4-  of  her  orbit,  wherein  fhe  can  be  in  conjunc- 
tion with  Mercury  •,  and  when  fhe  is  there,  fhe  will 
be  in  conjunction  with  him  generally  once,  and 
fometimes  twice.  So  that  in  about  20  months  (the 
time  of  Venus  revolving  to  the  Sun)  fhe  will  be 
once  or  twice  and  fometimes  thrice  in  conjunction 
with  Mercury  •,  all  which  are  irregular,  and  the 
times  uncertain  without  particular  calculations. 

PROP.      XX. 

The  times*  in  which  different  comets  move  thro9  fi- 
milar  parts  of  their  orbits ',  are  as  the  fquare  roots  of 
the  cubes  of  their  'perihelion  dijiances. 

Let  PN,  Pn,  be  the  parabolic  orbits  of  two  co-  92. 
mets ;  S,  j,  the  foci-,  P,  p,  the  perihelion;  N,  ;z,  93- 
the  places  of  the  comets.  Then  (Prop.  II.  para- 
bola,) 4SP  and  \sp  are  the  parameters  of  the  orbits. 
And  fince  PN,  pn,  are  by  iuppofition,  fimilar  parts 
of  the  orbits ;  the  areas  SPN  and  spn,  will  be  as 
SP2,  and  spz.  Let  T  and  t  be  the  times  of  defcri,- 
bing  PNS,  and  pns ;  alfo  let  pbs  be  defcribed  in 
the  time  T.  Then  (by  Cor.  2.  Prop.  16.  centri- 
petal forces),  area  PNS  :  area  pbs  :  :  y/4. PS  : 
y/4ps  :  :  v/TS  :  y/ps.  And  (by  Prop.  11.  ib.), 
area  pbs :  area  pns  :  :  T  :  t.  Therefore  area  PNS  : 
area  pns  :  :  Ty/PS  :  t^/ps ;  that  is,  PS2  :  ps !  :  : 
Tv/PS   :  ty/ps ,   whence  PS1  x  t^/ps   —  ps*   x 

Tv/PS,    and  PS"  X  t  zips'  xT,    and   T  :  /  :  : 

PS'  :  psl 

Cor.  1.  Two  comets  will  have  the  fame  true  anoma- 
ly in  moving  from  the  perihelion*  in  times*  which  are 
in  the  fefquiplicate  ratio  of  their  perihelion  dijiances. 
And  their  difiances  from  the  fun  will  be  as  the  peri- 
helion dijiances. 

For 
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Fig.     For  PNS  and  pns  being  fimilar  figures,    the  an- 
92.  gles  PSN  and  psn  are  equal ;  and  SN  to  sn,  as  SP 
to  sp. 

Cor.  2.  If  a  comefs  perihelion  diftance  be  equal  to 
the  mean  diftance  of  the  fun  and  earth ;  it  will  def- 
er ibe  a  quadrant  of  its  orbit  POS  in  109  days,  14 
hours,    46  minutes,   1 2  feconds. 

For  let  SP  (^0  zz  mean  diftance  of  the  earth  — 
i,  the  time  of  defcribing  the  area  POS  —  x,  and 
a  zz  area  the  earth  defcribes  in  that  time,  /  —  pe- 
riodical time  of  the  earth  -,  then  Cby  Cor.  3.  Prop. 
XIV.  centrip.  forces)  a^/i  zz  area  POS  z=  4 ;  and 
3.1416  —  area  of  the  earth's  orbit ;  therefore  /  : 
x  :  :  3. 141 6  :  a ;  and  ta  zz  3.1416.*,  whence  x  zz 

ta  4  t 

%  zz  — 7-  X z-  zz  109.61  ^  days. 

3.1416       3v/2      3.1416  *      5      J' 

Cor.  3.  If  p  be  the  perihelion  diftance  of  any  co- 
met •,  ?£l  /£w*  0/  //j  moving  from  the  perihelion  thro' 
90  degrees  of  its  orbit,  is  \o<^.^i^\ps/p  days. 

For  1  :  109.6  :  :  py/p  :  109.6  x  Pv*3>  days. 

PROP.     XXI. 

02.  Having  given  either  the  comet's  true  anomaly,  or 
its  diftance  from  the  fun  -,  to  find  the  other  j  and  the 
time  it  is  there  -,  an&Mlfo  the  area,  or  nlean  anomaly 
proportional  thereto. 

'The  comet's  orbit,  and  the  time  of  the  perihe- 
lion are  fuppofed  to  be  known.  Let  PNO  be  the 
orbit,  S  the  fun,  P  the  perihelion,  N  the  place  of 
the  comet.  Put  the  perihelion  diftance  SP  zz  p, 
comet's  diftance  SN  —  y,  col",  true  anomaly  PSN 
zz  z,  and  v  zz  verf.  fupplement  thereof;  alfo  /  zz 
109.615  days,  the  time  of  a  comet's  defcribing  a 
quadrant,  whole  perihelion  diftance  is  1,  equal  to 

the 


Seft.  V.  "    P     L     A     N     E    T     S.  255 

the  mean  diftance  of  the  earth  •,  D  :=  time  from  Fig. 

the  perihelion.  92. 

Then  (by  Cor.  1.  Prob.  XXII.  Seft.  IV.)  z  ~ 

ip 

J-  —  j,  whence  zy  —  ip  — 7,  and  zy  +  y  zz  ip, 

ip  Ip    . 

therefore  y  fis       ,       =  — '  becaufe  u  z  1  +  2, 

by  trigonometry. 

ip  -\-  y 
Alfo  (by  Cor.  2.  lb.)  the  area  PSN  = 


3 


v/^jy  —  ^>,  and  the  quadrantal  area  PSO  z=  j$p. 
Then  (by  Cor.  3.  Prop.  XX.)  ty/p*  S£  time  of  the 
comet's   defcribing  PSO  or  -%pp  ;  and  area  PSO 

(rpp) :  f\/p% '  '• area  psN  ( *  ^0 — pp) 

i.'t)    I    v  X  /     __— — 
:  D ;  therefore \/y  —  p  zz  D,  the  num- 
ber of  days  from  the  perihelion. 

Therefore  if  z  or  v  be  given  jy  is  known,  and 
the  contrary,  by  the  equation  vy  —  2p.  And  y 
being -known,   D    is    known,    by    the    equation 

ip  -f-  y  X  t    . 

Vy  — p  =  D,  and  the  area  PSN  alfo. 

Example. 

In  the  comet  of  1 748,  whofe  perihelion  diftance 
is  .84067,  and  time  of  the  perihelion  Apr.  174 
i9h  z6m  ;  let  the  true  anomaly  be  40  degrees.  To 
find  the  diftance,  and  time  it  will  be  there. 

Here  z  =  .76604,  and  v  or  1  +  z  —  1.76604, 

.  ip        1.68124 

whence  .y  =z  -  =  ^^;  zz  .95204,  and  ip  + 

7    n   2.63338,  and  y  — p  —   .11137;    whence 

2p  -+-  J  X  J  7 2-^3338  X  *Q9-6l5 

— J — vy—p=  J  \Z-iH37 

=  24,083  days  —  24d  ih  59m4-»  which  is  beft  found 

by 
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Fig.  by  logarithms.     So  the  time  will  be  May  ud  2ift 
92.  25%. 

Cor.  1.  If  c  be  the  cofine  of  half  the  true  dnoma- 

P 

ly;  then  the  comet's  diftance,  y  —  — ,  radius  being  r, 

For  by  the  principles  of  trigonometry,  v  =  zee. 

Cor.  2 .  Having  the  time  from  the  perihelion  given  % 
the  diftance,  and  true  anomaly,  may  be  found-,  by  re- 

2fi   -4-  y  X  t       

ducing  the  equation \/y  —  p  —  D;  which 

will  be  an  adfecled  cubic  equation. 

Cor.  3.  Hence  a  table  may  eafily  be  made,  for  find- 
ing the  time  when  a  comet  will  be  in  any  given  place 
of  its  orbit ;  or  on  the  contrary,  to  find  in  what  point 
of  its  orbit  it  is,  at  any  time  given ;  and  is  done  as 
follows. 

Since  a  comet,  at  the  diftance  of  the  Sun,  des- 
cribes a  quadrantal  area,  in  109.615  days;  there- 
fore if  that  area  be  divided  into  any  number  of  e- 
qual  parts,  as  fuppofe  100  ;  one  of  thefe  parts  will 
be  .912286,  which  is  the  part  of  the  area  which 
the  comet  daily  defcribes,  or  rather  divide  the  qua- 
drantal area  into  109.615  parts,  that  is,  as  many 
as  there  are  days  -,  and  the  comet  will  defcribe  one 
part  every  day,  and  any  number  of  parts  in  the 
fame  number  of  days  •,  and  therefore  thefe  parts  or 
days  will  ftand  for  the  mean  motion,  fimilar  to  de- 
grees. 

Therefore  take  the  angle  PSN  fucceflively  equal 
to  1,  2,  3,  4,  5,  &c.  degrees,  as  far  as  conveni- 
ent, for  the  true  anomaly.  Then  y  is  had,  the  cor- 
refpondent  diftance ;  which  diftances  are  to  be  fet 
againft  the  true  anomalies  in  the  table.  Thenjy  be- 
ing had,  D  will  be  had  or  the  number  of  days 
from  the  aohelion  ;    and  thefe  days  are  alio  to  be 

fet 
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let  againft  the  true  anomalies  in  the  table.  The  Fig. 
table  being  thus  conftructed,  will  fhew  the  time,  92. 
and  the  comet's  diftance  from  the  perihelion,  for 
any  given  true  anomaly ;  if  it  is  even  degrees ;  if 
not,  by  taking  a  proportional  part.  And  on  the 
contrary,  having  the  time  given,  one  may,  by  the 
fame  table,  find  the  diftance,  and  the  true  anoma- 
ly correfponding  thereto,  in  their  feveral  columns, 
by  taking  a  proportional  part,  when  necefTary. 
And  that  with  the  fame  eafe,  as  finding  the  number 
from  a  given  logarithm,  by  the  common  tables. 

But  if  any  one  had  rather  have  a  table  where 
the  time  or  proportional  parts  of  the  area,  increafe 
uniformly,  the  former  is  eafily  transformed  into 
fuch  a  one,  by  placing  the  time,  or  parts  of  the  a- 
rea,  which  reprefent  the  mean  motion,  in  the  firft 
column,  increafing  by  1,  2,  3,  4,  &c  •,  and  find- 
ing the  correfpondent  angles  PSN,  and  diftances 
SN,  from  the  faid  table  by  taking  proportional  parts. 
And  putting  thefe  feveral  angles  and  diftances  in 
the  fecond  and  their  columns  •,  tho'  the  diftances 
are  not  lb  material,  being  eafily  found  from  the  true 
anomaly.  And  thus  a  table  will  be  conftructed 
eafler  than  by  continually  extra6ting  the  root  of  an 
adfefted  cubic  equation,  with  three  terms,  for  e- 
very  number,  to  conftrucl  ir  by.  Such  a  table  is 
the  following  one,  by  the  help  of  which,  the  place 
of  any  other  comet  may  be  found  for  any  time. 
For  if  p  be  the  perihelion  diftance  of  any  comet, 
then  if  you  take  ^/p3  to  1  (or  \/i^)  •,  as  the  time 
given,  is  to  a  fourth  quantity  -,  it  is  plain  (by 
Prop.  XX.  Cor.  1.)  this  quantity  is  the  time,  in 
which  the  comet  p  has  the  fame  true  anomaly,  as 
the  comet  1  has  in  the  given  time.  Therefore, 
looking  for  that  time  lb  found,  in  the  table  ;  you 
will  have  the  true  anomaly  of  the  comet  p.  And 
the  diftance  againft  it  being;  multiplied  by  the  pe- 
rihelion diftance,  gives  the  true  diftance. 

S  In 
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Fig.  In  the  following  table,  the  firft  column  is  days, 
s'2.  and  reprcfents  the  mean  motion  ;  the  fecond  is  the 
true  anomaly,  or  angle  from  the  perihelion  reck- 
oned in  the  comet's  orbit  i  the  third  is  the  loga- 
rithms of  the  diftances,  inftead  of  the  diftances 
themfelves. 

i/l  general  Table  for  calculating  the  motion  of  Comets  in 
parabolical  Orbits. 


Days  | 

^lnglc  from 
lie  perihel. 

A            1              It 

Logar- 
Diilance.. 

Days  I 

Angle  fiom 

the  perihel. 
0        / 

Logar. 
Diftance. ' 

I 

1 

23     37  0.000064! 

31     139     44- 

40.053298 

2 

2 

47      120. 000257) 

32  i 

40     49 

3  0.056261 , 

3 

4 

10     40 

0.0005771 

33 

4'     S3 

9:0.059298 

4 

9 

34      0 

0.001026 

34 

42      50 

19  0.062410 

5 

6 

57       6 

0.001602 
0.002298 

35   ' 

43      58 

3fjo.  065596 

6 

8 

20       2 

36   ; 

44     59 

580.068768 

7 

9 

42     3$ 

0.0031 171 

37 

46      0 

2710.071970 

8 

1 1 

4     51 

0.004060! 

3« 

47       0 

2  0.075202 

9 

12 

26    46 

0.005  126 

39 

47     58 

440.078464; 

1 
i 

!0 

f3 

48     14 

0.C063  17 

40 

4S     56 

3400*1757 

)  I 

1; 

9     '4 

3.  00701b 

41 

49     53 

32!o. 085065 , 

12 

16 

29     43 

3.009026 

42 

50     49 

380.088397 

>3 

«7 

49   3c; 

0.010547 

43 

51     44 

5210.091745 

H 

«9 

9       ! 

3.OI2I79! 

44 

52     39 

15:0.09511 1 

<5 

20 

27     47 

XOI39231 

3.015809! 

45 

53     32 

48J0. 098496 

16 

zi 

45     55 

46 

54     25 

31I0.101888 

■7 

23 

3     '9 

O.OI 7766 

47 

55     '7 

260.105289 

IS 

24 

20       3 

0. 01979; 

48 

56       8 

3  i;o.  108699 

19 

25 

36       3 

O.021897 

49 

56     58 

4? 

0.1121  is 

20 

26 

5i     i? 

O.024073 

5° 

57     48 

18 

0.115544 

21 

z8 

5     45 

O.026373 

51 

5  s     37 

2 

0.1 18971 

22 

29 

19    25 

O.O2S75I 

52 

59     25 

1 

0.122399 

23 

30 

32     16 

O.O312O7 

53 

60     12 

'5 

0.125830 

24 

31 

44     '7 

O.O33742 

54 

60     58 

44 

0.129261 

1       2C 

}2 

5T    27 

O.O36356 

55 

61     44 

30'o.  13269; 

26' 

34 

5     45 

O.O3903O 

5° 

02      29 

32:0.136122 

27 

3=1 

15      II 

O.O4I772 

57 

63       13 

5210.139544 

1       28 

j° 

23     45 

c.  041583 

5« 

63     57 

30:0.142961 

29 

37 

51      25 

O.O47462 

59 

04    40 

2SJO. I46372 

1     3° 

38 

38      Ji 

Q.O5O4-O9 

60 

65     22 

45IO   I4977C1 
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0.153177 
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Angle  f 
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Ml, 
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Logar 
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61 

66 

4 

2  3 

1 12 

90 

49 
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PROP.     XXII.      Prob.  Flg* 

T'o  find  the  place  of  a  comet  in  its  orbit ,  at  a  given 
time. 

1.  Find  the  fun's   place    and  diftance   for  the 
time  given,  by  Prop.  XII. 

2.  Find  the  difference  between  the  time  of  the 
perihelion,  and  the  time  given  ;  and  reduce  it  to 
days  and  decimal  parts  of  a  day.  Find  its  loga- 
rithm, from  which  fubtract  \  the  log.  of  the  peri- 
helion diftance ;  find  the  number  of  the  remain-- 
ing  logarithm,  and  that  is  the  mean  motion  of  the. 
comet. 

3.  Seek  the  mean  motion  in  the  firft  column., 
under  the  title  of  days ;  againft  which,  in  the  fe- 
cond  column,  you  have  the  comet's  true  anomaly,., 
or  angle  from  the  perihelion ;  and  in  the  3d  co- 
lumn the  log.  of  the  diftance. 

.4..  To  this  log.  diftance,  add  the  log.  periheli- 
on diftance  of  the  Comet ;  and  the  firm  is  the  log. 
of  the  comet's  true  diftance  from  the  fun. 

5.  Find  the  angular  diftance  of  the  perihelion^ 
from  the  node  (by  column  2  and  4,  of  the  table 
of  comets)  •,  and  having  before,  the  angular  dif- 
tance of  the  comet  from  the  perihelion  ;  by.  adding; 
or  fubtracling,  as  the  cafe  requires,  you'll  find  the 
angular  diftance  of  the  comet,  from  the   node,  or 
the  argument  of  latitude.     A  {ketch,  of  a  figure, 
will  be  ufeful  here. 

6.  Then  having  the  argument  of  latitude,  and 
inclination  of  the  orbit ;  the  comet's  place  reduced 
to  the  ecliptic,  the  heliocentric  latitude,  and  log. 
curtate  diftance  from  the  fun,  will  be  found  by  the 
common  rules  of  trigonometry.  And'  thence  the. 
comet's  heliocentric  longitude; 

7.  Thefe  things  being  had-;    by*  the  very  fame1 
rules  that  the  geocentric  place  of  a  planet  is  found, 
the  geocentric  place  of  the  comet  will  be  found. 

S  3  &v*. 
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C}*  Example. 

94.  Let  us  take  for  an  example,  the  glorious  co- 
met of  1744..  And  let  it  be  required  to  find  its 
place  January  5,  at  9  o'clock  at  night. 

Sun's  long,  at  that  time  297°  ^\l    yfl 

and  the  log.  diftance   — 1-992935 

difference  of  times  44d  23    4 

that  is  —  44.961 

Log.  44.961         —         1.652836 

.|X  — 1.347325  fubtr.  — 1. 020987 

log.  mean  motion  2.631849 

mean  motion         —        428.40 

true  anomaly         —         1290    9'  58"  zr  CP. 

log,  diftance         —         0.734671 

log.  perihel.  diftance    — 1.347325 

log.  comet's  diftance        0.081996  —  SC. 

ang.  diftance  of  the  >  _  arch  NGp 

perihelion  and  node  \         o       i  *y 

anom.  fubtrad         —  129     9  58  —  CP 

argument  of  latitude  22  13  51  zz.  NC 
reduced  to  the  ecliptic  15  33  4.  -  ND 
com.  heliocent.  lat.  16     5   13  zz  CD 

Ion.  of  the  afcend.  node  45  46  11 

add  the  reduction  15  33  4 

com.  heliocen.  longit.  61    19  15 

the  earth's  longitude  117  21  7 

95*  angle  of  commutation  56     1  52  -  ESC 

log.  curtate  dift.  of  the }  ,  r  0        0~ 

comet  from  the  fun      f  °-o64<h8  55  SC 

the  angle  of  elongation  >  .  .  Q?rr, 

add  to  the  fun's  longit.  5  7°  47     7  -  btL/ 

the  comet's  geoc.  long.  8     8   14 

«nd  com.  geocent.  lat.  18.  io  41  N. 


Let 
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Let  NCP«  be  the  comet's  orbit,  S  the  fun,    N»  Fig* 
the  fectionof  its  plane  with  the  plane  of  the  eclip-  94. 
tic,    N  the  afcending  node,    F  the  perihelion,  C 
the  comet's  place,  moving  towards  P  ;   let  CD  be 
perpendicular  to  Nn. 

Then  the  angle  P3C  (129  9  58)  is  the  anomaly  ; 
SC  the  diftance,  angle  NSP  the  diilance  of  the  pe- 
rihelion and  node  (151  23  49)  •,  the  angle  NSC  or 
arch  NC  (22  1351)  the  argument  of  latitude,  be- 
ing what  the  comet  is  paft  the  node,  in  its  orbit  •, 
ND  (15  33  4)  its  reduction,  to  the  ecliptic-,  CD 
(16  5  j  3 y  the  heliocentric  latitude.  Then  fince  the- 
comet  is  gone  paft  the  node,  and,  direct ;  the  arch 
ND  mult  be  added. to  the  longitude  of  the  node  N; 
and  then  the  heliocentric  longitude  of  the  comet  at 
D  will  be  61  1915.  The  difference  between  the 
heliocentric  longitudes  of  the  earth  and  comet,  or 
the- angle  of  commutation,  is  56   1   52. 

Then  in  the  triangle  SEC  (made  by  the  fun,  95, 
earth,  and  comet ;)  two  fides,  ES,  SC  are  given,  and 
the  included  angle  ESC  -,  to  find  the  angle  of  elon- 
gation SEC  (70  47  7  -,)  and  the, comet  at  C,  being 
before  the  fun.  at  S,  to  a  fpectator  at  E  ;  the  angle 
of  elongation  muft  be  added  to  the  fun's  place  (297- 
21  7,)  and  the  fum.  (3.68  8  14,  or  8   8   14)  is  the 
comet's  geocentric  longitude.     And  the  geocentric 
latitude  is  found   by.  Prop.  XII L.  to  be   18    10  41 
north  •,  which  are  very  near  what  I  found  them  to . 
be,  by  my  own  obfervations  •,  by  taking  the  dif- 
tance of  the  comet,  from  feveral.fixt  ftars,  at  thax- 
yery  time. 


S  4.  *$ 


O   &5S 


2f4  THE     PRIMARY 

PROP.     XXIII.     Prob. 

The  periodic  time,  and  perihelion  difiance  of  a  co- 
met being  given  \  to  f.nd  the  time  when  the  comet  will 
be  in  any  given  point  of  its  elliptical  orbit. 

96.  This  is  to  be  done  by  the  very  fame  rule,  that  was 
laid  down  for  the  planets.  Let  the  femitranfverfe 
CP  —  0,  femiconjugate  CB  —  r,  perihelion  difiance 
SP  —  py  excentriciry  CS  —  »,  comet's  diftance 
SN  —y,  cofine  of  the  anomaly  PSN  zz  z,  periodic 
time  ~  t,  and  d  =  number  of  degrees  in  the  arch 

whofe  cofine   is   Z..     Then  by  Prop.  I.  y  z= 

n 

— ££ — ,  and  the  time  of  defcribing  PN  is  zz. 

a  -{-  zn  360 

/  v —  cc  -4-  lay  — yy 
2a  X  3.1416 

But  by  the  nature  of  the  eilipfis,  lap  — -  pp  — 
ff,  and  *f  -f-  J>  —  a',  and  #  is  known  from  the  pe- 
riodic  time  by  Prop.  VII ;  therefore 

>/. —  cc  -+■  2 ay  —  yy  _       I — zap  -\-pp-\-  iay  — yy 

2  a  \aa 

ly  —  p     yy  —  pp       h—p     y  +  p  . 

V  — Z£  V   — A  : 

ia  ^aa  2a  2a         * 

d  — p 

where  A  — Hence,  the  time  of  defcrib- 

2a 

dt  t  ly  —  p      y  +  p 

ing  PN  is  zz  -7 1 X  v  " "  — -^-A. 

o  360      3.1416  2a  2a 

Cor.  Hence  a  table  may  be  made  for  any  given  co- 
met,  to  find  its  place  in  its  orbit  at  any  time  -,  in  like 
manner  as  was  dene  for  the  planet's. 

For  if  the  anomaly  be  taken  fucceflively  1,  2, 
3,  4,  &c.  degrees,  z  will  be.  known  for  each  of 

them, 
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them,  and  confequently  y  •,  and  thence  the  corre-  Fig* 
fponding  time  in  moving  from  the  perihelion.  All 
which  being  put  into  a  table,  it  will  be  ready  for 
ufe.  And  this  table  need  be  continued  no  further 
than  till  the  diftance  y  be  fo  great,  that  the  comet 
becomes  invifible.  Then  by  this  table  the  comet's 
place  may  be  found  at  any  given  time  •,  by  finding 
the-  time  from  the  perihelion  in  the  table,  and 
taking  the  anomaly  and  diftance  correfponding 
thereto  j  ufing  proportional  parts  when  necefTary. 

PROP.     XXIV.     Prob. 

¥0  find  the  quantity  of  matter  in  any  body  that  has 
another  revolving  about  it. 

The  quantity  of  matter  in  any  central  body,  is 
as  the  cube  of  the  diftance  of  the  revolving  bo- 
dy directly  ;  and  the  fquare  of  the  periodical  time 
inverfly  (by  Prop.  VII.  centripetal  forces). 

Let  S  be  the  Sun,  E  the  earth,  P  a  planet,  T  or  97. 
Q  a  fatellite,  and  let  radius  PT  —  r,  periodical 
time  ofTorQzrf    Then  the  quantity  of  matter 

ri            PT3 
in  the  body  P  is  as  —  or    . 

t  PP 

Now  p  or  the  periodic  time  is  known  for  all  the 
planets  and  fatellites ;  and  to  find  PT,  let  ST,  EQ 
be  tangents  to  the  orbit  at  T  and  Qj  then  PT  is 
as  SP  x  angle  PST  ;  or  PQ,  as  PE  X  angle  PEQ : 
becaufe  thefe  angles  are  very  fmall.  Therefore 
SP  x  angle  PST  =  PE  X  PEQ.  Now  the  great- 
eft  elongation,  or  the  angle  PEQJs  found  by  ob- 
servation ;  and  at  the  fame  time  the  heliocentric' 
places  of  the  planet  P,  and  the  earth  E  are  known, 
by  the  theory  of  the  planets.  Therefore  in  the 
triangle  ESP,  two  fides  ES,  SP,  and  the  included 
angle  ESP  are  given  to  find  EP.     And  EP  being 

known, 
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Fig.  known,  as  alfo  PS,  the  angle  PST  will  be  known  j 
97.  and  from  hence  QT  or  TP.     And  therefore  the 

PT5 

quantity     will   be  known,  which  is  proporti- 

pp 

onal  to  the  quantity  of  matter  in  P. 

Therefore  it  will  be  as  rad  :  PE  :  :  S.QEP  :  PQ 
or  PR 

Or  elfe  PS  :  PE  :  :  angle  PEQj  angle  PST  the 
heliocentrtc  elongation  ■,  and  then  as  rad  :  PS  :  : 
S.PST  :  PT.  Thus  the  diftance  of  Venus  from 
the  Sun  is  known  to  be  723.4.  And  PT  for  Ju- 
piter's 4th  fatellite,  is  found  to  be  12.50S  ;  for  Sa- 
turn's 4th  fatellite  8.5084;  for  the  Moon  3.0546. 
And  p  or  the  periodic  time  for  Venus,  is  224^7  ;. 
for  Jupiter's  4th  fatellite,  i6.6o7d;  f°r  Saturn's 
4th  fatellite,   15.944  ;  and  for  the  Moon,  27.322. 

PT5 

Therefore for  the  Sun,  Jupiter,  Saturn,  and 

pp 

the  Earth,  comes  out  7497.8  ;  7-0255  ;  2.423  ; 
and  .03817.  Therefore  the  quantities  of  matter 
in  the  Sun,  Jupiter,  Saturn,  and  the  Earth,  are  as 
196420,  184.05-,  63.48;  and  1,  refpe&ively.  This 
is  fuppofing  the  fun's  parallax  to  be  iof  feconds, 
and  coniequently  the  angle,  the  radius  of  the 
moon's  orbit,  fubtends  at  the  fun,  io;  30".  If  the 
fun's  paraliax  be  more  or  lefs  than  io'v;  the  quan- 
tity of  matter  in  the  earth  muft  be  increafed  or  di- 
rniniihed  in  the  triplicate  of  that  ratio;  tbe  reft, 
remaining  the  fame. 

Cor.  i.  The  real  diameters  of  the  fun  and  planet ls> 
are -x  for  the  Sun  10000,  Saturn  790,  Jupiter  996 , 
Mars  57 ',  the  Earth  109,  Venus  112,  Mercury  40, 
the  Moon  30. 

For  we  found  before,  that  PQ  is  as  PE  X  angle 
PEQ^  Therefore  fuppofing  QT  to  be  any  planet, 
the  radius  QP  (and  coniequently  the  diameter)  is 
as  the  diftance  EP  of  the  earth  x  by  the  apparent 

radius 
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radius  PEQ,  or  by  the  apparent  diameter  of  the  Fig. 
planet.  But  the  apparent  diameter  of  the  planet  is  97. 
had  by  obfervation,  and  the  diftance  EP  is  known 
from  the  aftronomical  tables  •,  by  finding  thereby 
the  heliocentric  places  of  the  earth  and  planet. 
The  diameter  of  the  earth  here  given,  fuppofes  the 
fun's  parallax  to  be  1  of  feconds.  But  if  the  fun's 
parallax  be  greater  or  lefs,  the  earth's  diameter 
muft  be  increafed  or  decreafed  in  that  ratio  ;  the 
others  remaining  as  before.  The  moon's  diameter 
is  found  the  fame  way  as  the  reft. 

Cor.  2.  Hence  the  denfity  of  the  fun,  and  fuch  of  the 
planets  as  have fatellites,  are;  the  Sun  100,  Saturn 
6$-Ti  Jupiter  95,  the  Earth  393. 

For  the  quantity  of  matter  in  any  of  thefe  bodies, 
is  as  the  denfity  and  cube  of  the  diameter.  There- 
fore the  denfity  is  as  the  quantity  of  matter  divi- 
ded by  the  cube  of  the  diameter.  But  the  quanti- 
ties of  matter  are  known  by  this  Prop,  and  their 
diameters  by  Cor  1.  and  therefore  you  will  have 
the  denfities,  in  the  proportion  above  laid  down. 

Cor  3.  The  weight  of  a  body  at  the  fur  face  of  any 
planet,  is  as  the  den/ity  and  diameter  of  the  planet. 
And  therefore  is  at  the  Sun  23.34,  Saturn  1.208,  Jur 
piter  2.209,  and  the  earth  1. 

For  let  d  ~z  denfity  of  the  planet,  r  —  its  radius. 

Then  the  weight  at  the  given  diftance  1,  is  as  the 

quantity  of  matter,    that  is,  as  drz ;    confequently 

drl 
the  weight  at  the  diftance  r,  is  as  —  or  dr.     But 

rr 

at  the  diftance  r  the  body  is  upon  its  furface  -,  there^ 
fore  at  the  furface,  the  weight  of  the  body  is  as 
dr,  or  as  d  x  ir.  But  d  and  ir  are  both  known 
by  Cor.  2.  and  Cor  1,  And  therefore  the  weights 
at  the  Surfaces,  are  found  as  above. 

PROP. 
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PROP.     XXV.     Prob. 

T'o  find  the  proportion  between  the  axis  of  the  fun  or 
a  planet,  and  its  equinoctial  diameter. 

Let  r  =  radius  of  the  fun  or  planet,  /  —  force 
of  gravity  on  its  furface,    v  —  verfed  fine  of   th? 
arch  defcribed  in  i  fecond  by  its  rotation,  to  the 
radius   r.       H   —  equinoctial  or    greateft  radius. 
Then  if  the  force  of   gravity/  be  denoted  by  the 
fpace  a  heavy  body  defcends  in  a  fecond  at  its  fur- 
face,  v  will  denote  the  centrifugal  force  ariiing 
from   its  revolving ;    and  this  is  equal  to  the  di- 
minution of  its  gravity.  But  fo  much  as  the  gravity 
of  a  column  of  the  planet  is  diminished,  fo  much  is 
its  height  increafed,  to  make  an  equilibrium.     And 
this  is  the  fame  within  the  planet  as  at  the  furface ; 
as  both   thefe  forces  decreafe   in  the  fame  ratio. 
Therefore  we  fhall  have/:/ — v  :  :-H:  r.     And 
/ :/ —  v  : :  2H  :  2r,    that  is/ :/ —  v  :  :  as  the  e- 
quinoctial  diameter  :  to  the  polar  diameter  nearly. 
Therefore  if  the  diameter  and  time  of  revolution 
be    known ;    the  arch  defcribed  in  a  fecond  will- 
be  known,  and  v  the  verfed  fine  of  that  arch.    Alfo 
/  will  be  known,  by  having  the  gravitating  force 
upon    the  furface.      And  hence  the  ratio  of   the 
diameters  will  be  found. 

Cor.  In  the  earth,  the  ratio  of  the  axis  to  the  e- 
quatorial  diameter,  will  be  found  as  285  to  286.  And 
in  Jupiter  as  1 1'  to  12.  In  the  fun  the  difference  is 
quite  infenfible.  In  tbej'eft  of  the  planets,  there 
wants  the  proper  data. 

Scholium. 

The  times  of   the    revolutions   of    the  planets, 
round  their  axes  have  been  found  out  by  observing 
certain  fpots  upon  their  furfacea.     Thefe  fpots  ad- 
hering. 
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hering  to  the  furfaces  of  the  planets,  revolve  along  Fig. 
with  them.  Therefore  if  the  time  be  meaiured 
between  the.  appearance  of  any  fpot,  and  its  coming 
again  into  the  fame  pofition  •,  the  time  of  the  pla- 
net's revolution  is  had.  Hence  the  time  of  rota- 
tion of  any  planet  may  be  found,  if  there  be  any 
dark  fpots  upon  its  furface,  that  can  be  {een  and 
obferved  by  a  telefcope.  But  fome  of  them  af- 
ford no  fuch  thing  •,  as  Saturn  and  Mercury.  The 
periodic  times  of  thefe  that  have  been  obferved 
are  as  follows. 


The  Sun       in 

*5d 

I5> 

i6m. 

Jupiter.   — 

9 

56. 

-Mars         — 

i 

o 

40. 

Earth        — 

23 

56. 

Venus       — 

n 

20. 

PROP. 

XXVI. 

Prop. 

To  determine  the  difiurhing  forces  wherewith  the  pla- 
nets aft  upon  one  another  -,  gnd  their  effeffs. 

Let  A,  B  be  two  planets,  as  Saturn  and  Jupiter.  9&* 
Then  fince  all  bodies  attract  one  another,  with 
forces  which  are  as  the  quantities  of  matter  •,  the 
planet  B  will  attract  A,  and  retard  it  in  its  orbit ; 
and  at  the  fame  time  A  will  attract  B,  and  accele- 
rate it  in  its  orbit  •,  but  when  B  has  got  to  C,  it  will 
attract  A,  and  accelerate  it  in  its  orbit ;  and  like- 
wife  A  will  attract  C,  and  retard  it  in  its  orbit.  All 
this  follows  from  the  mutual  actions  of  thefe  two 
bodies  on  one  another.  And  the  forces  of  B  and 
A  upon  one  another  will  be  as  the  quantities  of 
matter  in  B  and  A  reflectively ;  and  the  accelera- 
tion or  retardation,  will  be  in  the  fame  ratio.  Alfo 
thefe  forces  and  their  effects  are  the  greater,  the 
nearer  the  bodies  are  •,  and  that  in  the  reciprocal  du- 
plicate ratio  of  thediftance.  Whence,  after  the  bodies 

are 
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JTJ2-  are  removed  to  a  great  diftance  from  one  another, 
qy1  their  effects  upon  one  another  become  infenfible. 

And  to  determine  the  quantity  of  force,  each 
body  exerts  on  the  other.  Let  D  =z  diftance  of  A 
from  the  fun.  S  rr  quantity  of  matter  in  the  fun, 
B  and  A  z:  quantities  of  matter  in  B  and  A.  Then 
the  force  of  the  fun  upon  A  :  is  to  the  force  of  B 

S  B 

upon  A  :  :  as  — -   :  to  — — .    And  the  like  for  the 
r  DD         BA1 

force  of  A  upon  B.  Therefore  the  quantities  of 
matter  in  the  bodies,  S  and  A  •,  and  alio  their  dis- 
tances being  known  ;  the  diflurbing  force  of  B  up- 
on A,  or  of  A  upon  B  will  be  known. 

Cor.  i .  Hence  the  linear  error,  caufed  by  one  body 
B  ailing  upon  another  A,  for  any  time,  will  bs  known. 
And  that  is  done  by  finding  the  rcerfedfine  i>,  of  the  arch 
defer ibed  in  that  time  by  A  in  its  orbit  •,  and  making  as 

S  R 

, —  ;  to  :  :  v  :  to  a  fourth*    which  will  be  the 

DD         BxV  J 

linear  error  required. 

For  the  line  v  is  that,  which  the  force  of  the  fun, 

would  caule  the  body  A  to  defcribe,  in  the  given 

time  ;  and  therefore  v  is  the  genuine  effect  of  that 

force.     Therefore  the  effect  of  the  force  — —  upon 

BA1 

A,  will  be  found  by  the  faid  proportion,  as  all  fi- 
milar  effects  are  proportional  to  their  caufes. 

It  is  found  by  experience,  that  Saturn's  periodic 
time  is  fometimes  prolonged  1 3  days,  by  the  action 
of  Jupiter  upon  him.  For  when  Saturn  and  Ju- 
piter are  nearer!  together,  their  diftance  will  be  to 
Saturn's  diftance  from  the  fun,  about  as  4  to  9. 
And  therefore  the  force  of  Jupiter  is  to  the  force 

c   1      c  c  184  106420 

or  the  Sun,  upon  Saturn  ,  as  — I  to     y     —     or 

as  1  to  21 1.     Therefore.it  is  no  wonder,  if  the  pe- 
riodic 
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riodic  time  of  Saturn  be  confiderably  ihortened,  Fig. 

when  its  centripetal  force  is  increafed part. 

21 1 

The  difturbing  force  of  Saturn  upon  Jupiter  is 

much  lefs,  for  two  reafons,    1 .  becaufe  Saturn  is 

about   3  times  lefs  than  Jupiter ;    and   2.  becaufe 

Jupiter  is  nearer  the  Sun  than  Saturn,  and  fo  the 

Sun's  force  upon  him  is  more  than  3  times  as  great. 

So  that  Jupiter  is  about  10  times  lefs  diflurbed  by 

Saturn  than  Saturn  is  by  Jupiter ;  which  therefore 

is  fcarce  fenfible. 

Cor.  2.  And  hence  it  is  evident ',  that  when  a  comet 
comes  near  Saturn  or  Jupiter,  it  muft  needs  have 
the  po fit  ion  and  figure  of  its  orbit  changed,  as  well  as 
its  periodical  time,  from  the  difturbing  force  of  fo  great 
a  body. 

For  the  orbits  of  comets  being  very  eccentric 
ellipfes  ;  a  fmall  change  of  the  centripetal  force,  will 
make  a  great  change  in  thefe  orbits ;  and  even  be 
fufficient  to  change  them  into  parabolic  or  hyper- 
bolic ones. 

Cor.  3.  Hence,  when  any  two  planets  {as  Saturn 
mid  Jupiter)  are  in  heliocentric  conjuntlion.  The  pe- 
riodical time  of  the  oulermoft  will  be  fJjartencd,  and  of 
the  innermofl  lengthened. 

This  ariles  from  the  action  of  the  two  planetsr 
upon  one  another,  when  fo  near  together.  For 
the  centripetal  force  of  the  fun  upon  the  outermoft 
will  be  increafed  by  the  action  of  the  inner  one, 
which  fhortens  the  periodic  time  of  the  outer  one. 
And  the  fun's  centripetal  force  upon  the  inner  one 
will  be  diminifhed?  by  the  action  of  the  outer  one  •, 
and  that  lengthens  its  periodic  time;  by  Prop.  III. 
Centripetal  forces. 

SECT. 


Fig. 
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SECT.     V!. 

The  Theory  of  the  Moon,  and  the  Satel- 
lites ;  the  Suns  dijlurbing  Force  up- 
on them.  The  errors  in  the  Moojis 
and  Satellite  s  Motions.  Co?iftru&io?z 
of  Tables,  and  their  Ufe  i?i  finding 
the  Moons  place,  a?td  time  of  the  Sy- 
ziges.  Moons  Lihration,  her  i^uan- 
tity  of  Matter,  Denfity,  &c.  To 
find  her  diflance  from  a  Star,  The 
Errors  of  the  Satellites, 


AS  the  primary  planets  revolve  about  the  fun 
as  their  center  of  motion,  fo  does  the  moon 
about  the  earth,  and  the  fatellites  about  their  refpec- 
tive  primary  planets.  And  if  the  moon  was  ac- 
ted upon  by  no  force  but  the  centripetal  force  of 
the  earth,  Ihe  would  defcribe  a  perfect  ellipfis  a- 
bout  the  earth  in  the  focus  thereof  -,  the  principal 
axis  whereof  would  remain  at  reft,  and  always 
of  the  fame  quantity  ;  her  periodic  times  would  all 
be  equal;  and  the  inclination  of  her  orbit  invaria- 
ble, as  alfo  the  place  of  her  nodes.  And  then  it 
would  be  eafier  to  calculate  her  place,  than  it  is  to 
calculate  the  place  of  any  of  the  planets. 

But  fince  her  motions  are  difturbed  by  the  ac- 
tion of  the  fun,  they  become  fubject  to  fo  many 
inequalities,  that  it  is  a  matter  of  the  greatelt  difR-. 
culty  to  calculate  her  place  exactly.  And  no  ict  of 
tables  have  ever  been  made,  by  which  her  place 

can 
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can  be  truly  found  at  all  times ;  but  in  an  age  they  Fig. 
will  become  erroneous  and  almoft  ufelefs  ;  tho'  they 
were  at  firft  perfectly  agreeable  to  the  heavens.  And 
perhaps  no  let  of  tables  will  ever  be  framed,  which 
will  give  her  place  true  and  exact  for  all  ages.  And 
what  is  here  faid  of  the  irregular  motions  of  the 
moon,  is  likewile  true  of  all  the  fatellites  in  fome 
degree  or  other  ;  tho'  by  reafon  of  their  great  dif- 
tance,  they  cannot  be  exactly  obferved  here. 

One  would  be  furprized  that  lo  fmall  a  matter, 
as  a  little  variation  in  the  fun's  force,  mould  caufe 
fo  many  irregular  motions  in  the  moon,  as  fhe  is 
found  to  have  •,  and  much  more,  that  they  can  be 
brought  to  no  certain  rules,  but  fuch  as  are  in  the 
higheft  degree  intricate  and  laborious.  So  that 
this  fingle  fecondary  planet  gives  the  aftronomers 
more  trouble,  than  all  the  celeftial  bodies  befides. 
Mention  has  been  made  of  thele  irregular  motions 
in  the  Schol.  of  Prob.  XVIII.  Section  IV  ;  and  the 
methods  of  finding  the  mean  quantities  of  thele 
motions  by  obfervation,  is  fhewn  in  that  Prop. 
But  to  treat  this  matter  at  large,  in  all  particulars 
relating  to  the  moon's  motion,  would  require  a 
large  volume  of  itfelf,  which  would  not  at  all  fuit 
with  the  intended  brevity,  in  this  courfe  of  ma- 
thematics. But  that  I  may  give  the  reader  as  much 
as  I  can  in  fo  little  compais ;  I  fhall,  in  what  fol- 
lows, demonstrate  the  principal  irregularities  that 
attend  her  motion,  and  the  calculation  of  her  place, 
by  fuch  tables  as  we  have  already  ;  leaving  the  con- 
struction of  new  ones  to  thofe  that  have  more  time 
and  leifure,  and  better  convenience  •,  which  is  pro- 
perly a  work  for  thofe  that  have  the  ufe  and  ad- 
vantage of  obfervatories,  where  they  can  prove 
their  truth,  and  rectify  them  at  pleafure.  But  can- 
not be  truly  executed  by  private  persons,  that  are 
deftitute  of  fuch  helps. 

T  PROP. 
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Fig. 

P  R  O  P.     I.     Prch. 

To  find  the  forces  by  which  the  fun  diflurh  thi 
motions  of  the  moon. 


99- 


Let  CADB  be  the  moon's  orbit,  T  the  earth,  S 
the  fun,  P  the  moon  ;  make  SK  —  ST  •,  and  let  SK  : 
SL  :  :  SPl  :  SK2.  Then  if  SK  or  ST  reprefenc 
the  fun's  force  at  T,  SL  will  reprefent  his  force  at 
P.  Draw  LM  parallel  to  PT  •,  divide  the  force 
LS  into  the  two  forces  LM  acting  parallel  to  PT, 
and  MS  acting  parallel  to  TS.  But  the  force  LM, 
and  the  part  TM  difturb  the  moon's  motion.  The 
force  LM  in  its  mean  quantity  is  equal  to  PT,  and 
by  lb  much  the  force  of  the  earth  upon  the  moon 
is  increafed  Alfo  TM  in  its  mean  quantity  is 
equal  to  3PK,  acting  in  direction  PN  parallel  and 
equal  to  TS  •,  and  this  force  MT  draws  the  moon 
out  of  her  orbit.  Let  P,  p  be  the  periodical  times 
cf  the  earth  and  moon  ;  then  (by  Prop.  V.  Cent. 
Forces),  the  fun's  centripetal  force  at  T  (ST)   : 

ST    PT 

the  earth's  centripetal  force  at  P   :  :  pTj  :  —  ; 

therefore    the    earth's   centripetal  force  at   P   — 

PT    X    PP  1.   ■  r 

' — — And  this  is  to  the  additional  force  PT  : : 

PP 
PT  X  FP 
— :  PT  :  :  PP  :  pp.     That  is,  the  force  by 

which  the  moon  is  retained  in  her  orbit  :  is  to 
the  increafe  of  centripetal  force  by  the  fun's  ac- 
tion :  :  PP  :  pp  :  :  178.725  :  1.  Therefore  the  in- 
creafe of  the  moon's  centripetal  force  is  — 

17i^'725 
of  that  force. 

Alfo  force  PT  :  force  3PK  or  PL  :  :  PT  :  3PK-. 

Therefore,  ex  sequo,  the  force  by  which  the  moon  is 

retained. 
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retained  in  her  orbit :  diflurbing  force  PL  or  TM  :  :  f  icr. 
FT  X  178.725  '■  3PK.     Therefore  the  difturbing  go, 

3PK 
force  TM  —  px  x  178  72"^  X  earcn's  centrip-  ^rce 
on  the  moon  —  $a  the  fine  of  the  moon's  diftance 
from  the  quadratures  X  earth's  centripetal  force, 
divided  by  178.725  X  radius. 

Ccr.  1.  Let  C,  c  be  the  centripetal  forces  of  the 
fun  and  earthy  S  zz  fine  of  the  moon's  diftance  from 
the  quadrature,  radius   zz   r.     Then  the  additional 

c 
force  (PT)  zz  •— o  72g*      Am  the  difturbing  force 

rise 

(TM)  =— y ; 

v        '        iy%.j2$r 

Cor.  2.  Produce  TP,  and  make  PR  zz  PL  or 
TM,  and  draw  RQ  perp.  to  TQ.  Then  QR  is  the 
force  that  accelerates  the  moon,  and  PQ^is  the  dimi- 
nution of  its  centripetal  force. 

For  the  force  PR  is  divided  into  the  two  forces, 
PQ  and  QR,  of  which  PQ  acting  towards  Q^di- 
minifhes  the  moon's  centripetal  force  ;  and  QR  be- 
ing parallel  to  the  tangent  at  P,  accelerates  the 
moon  at  P. 

Cor.  3.  There  are  four  feints  in  the  moon's  orbit, 
each  350  16'  from  the  quadratures,  where  the  moon's 
difturbing  force  makes  no  alteration  in  the  earth's  cen- 
tral force. 

For  the  triangles  PKT  and  PQR  are  fimilar, 
whence  PK  :  PT  :  :  PQJPT) :  PR  (3PK)  •,  there- 
fore 3PKZ    zz    PT1,  or  ^ss  zz   rr,    whence  s  zz 

—  zz  S.350  1 6'.     And  when  PQ  zz  PT,  the 

diminution  of  the  force  is  equal  to  the  addition, 
which  makes  no  alteration. 

T  %  Cor. 
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Lr      Cor.  4..  The  mean  force  PT  is  n  t 0/  /& 

09.  7T       T  H  64^410    V 

force  of  .gravity  at  the  earth. 

For  the  force  of  gravity  is  3600  times  greater 
than  the  force  at  P. 

Cor.  5.  'The  whole  increafe  of  the  centripetal  force 

ForradfrJ:,:   :   PT  (^j)   :  PK  = 

— ^ And  PR  zr  3PK  =  - 1^—  •     And 

17^.725^  °  178.725?- 

And  PT  —  PQ  a  whole  additional 


force  zz 1 — Z  c, 

178.725 

Cor.  6.  If  A  —  fine  of  twice  the  moon's  diftance 
from  the  quadratures  •,  then  the  force  QR,  accelerat- 
ing or  retarding  the  moon's  motion  in  its  orbit,  is 

7C  A 

X 


178.725       2r 
Let  z  =:  S.QPR  or  KPT  =  cof.  PTK ;  then 

**  W  f  RP  (77!^) : :  s'QpR  W  :  ^R  - 

— 3 X 52:  —  (by  trigonometry)    ^Q  ^  —  X  ~-' 

ij$.j2$rr  v   ;      °  J    178.725     2r  - 

Cor.  7.  /:&#<:<?  /£(?  «?fi>0«  *V  accelerated  in  the  qua- 
drants CA,  DB  ;  and  retarded  in  the  quadrants  AD, 
BC. 

Cor.  8.  The  force  which  accelerates  or  retards  the 
moon's  motion^  is  great  eft  in  the  oBants*  For 
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For  it  is  greatefl  when  A  is  greateft,  that  is  when  Fig. 
iCP  is  90  degrees,  or  CP  ~  450.  99. 

Cor.  9.  The  difiurbing  fores  TM,  in  the  Jyziges 
A  and  B,  is  2PT.  And  therefore  the  earth's  force 
upon  the  moon  in  the  Jyziges,  is  twice  as  much  dimi- 
nijhed  \  as  it  is  increased  in  the  quadratures. 

Cor.  10.  The  moon's  orbit  is  more  fiat  in  the  Jy- 
ziges, and  more  curve  in  the  quadratures ;  and  there- 
fore flje  goes  farther  from  the  earth  in  the  quadratures. 

For  the  orbit  will  be  more  curve  where  the  cen- 
tral force  is  greater,  that  is  in  the  quadratures.. 

PROP.     II.      Prob. 

To  find  the  moment  of  the  area  which  the  moon  de- 100. 
fcribes  in  any  place  P ;  her  orbit  being  nearly  circular. 

Let  c  zz  earth's  centripetal  force  on  the  moon, 
s  and  z  the  fine  and  cofine  of  PTK.  Let  RPL 
be  parallel  to  AB,  and  fuppofe  the  arch  Co  and  al- 
io LJp  to  be  defer  ibed  by  the  moon  in  a  fecond. 
Draw  no,  Pt  parallel  to  CT.  Then  (by  Cor.  6. 
Prop.  I.)  the  force  QR  that  accelerates  the  moon 

„    •  3C  A-  3SZ  ^ 

at  P,  is  zz  —-r, X  —  zz  — o X  c ;  and 

178.725       ir        178.7257T 

no  zz  fpace  defcended  at  C  in  a  fecond,  by  the 

Coz 
force  c  -3  and  2no  or  p~p  —  velocity  generated  by  c 

in  a  fecond.     And  the  velocity  generated  (in  an 

,  Q,SZ  Co~ 

equal  time)  being  as  the  force,  — X  ^=r  ^ 

n  '        &  178.7257-r      tl 

velocity  generated  in  a  fecond  at  P,  by  the  force 

3SZ 
„„Q  „   ...   X  c.     And  the  whole  velocity  generated 
17° -7 ' 5rr 

by  all  the  forces  -r-* X  c,  is  zz  fum  of  all 

T  3  the- 
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pip-  %sz  Co*  3  Co 

J3>  the  — 5 X  ^  S     „v  „„  „.,  X  r^   X  fum 

ioo.         lyS.yi^rr      Cl  178.7257T       CT 

of  all  the  Pg>  X  J3  in  the  arch  CP. 

Therefore  if  TC  -  r,  PK  ~  j,  TK  =  z,  arch 
CP  —  v.     Then  by  fimilar  triangles,  TP  X  P*  = 

PK  X  Pp  •,  that  is,  —  rz  z=  jt/.      Then  the  fum 

of  all  the  Pp  X  sz  —  fluent  of  jzi;  or  —  rzz  —  — 

rzz 

But  at  C,  2  —  r,  therefore  the  correct  fluent 


rss 


1        —————       1  jj 

is—  X  rr  —  zz  —  —  —  fum  of  all  the  Pp  X  sz. 

22  r 

Therefore  the  whole  velocity  generated  at  P,  by 

3  Co         rss 

the  force  QR,    is   =  — rr X  7^7.  X  —  = 

178.725;^      CP        2 

3  C<? 

—7; X  - — ss.  Whence,  moon's  velocity  (Co) : 

170725         2/T  '      . 

•    •  /■  /      3  C<?     \ 

this  increment  of  velocity  ( — 5 X  — ss  )  :  :  4- 

V178  725      %rr    J      T 

X  178.7257T  :  jj  :  :  ug.i $rr  :  «J 

Therefore  the  increment  of  velocity  at  any  place 

ss 

P,  above  the  velocity  at  C,  is  — X  Pp 

J  11q.iP.rr         r 

pk1  r 

=  .  j  iq  icpx2  X  moon's  velocity.  All  this  fuppofes 
the  fynodic  revolution  to  be  27''  yh  4.3™.  But  fince 
it  is  2Qd  i2h  44m-,  the  increment  of  velocity  muft 
be  increafed  in  the  fame  proportion  j  that  is,  in  the 
ratio  of  10808  to  10000;  and  then  the  whole  in- 
crement of  velocity   at  any  place   P  will  be  = 

PK7- 
112  4?Ta  X  kv  t^ie  moon's  velocity.  Therefore  the 

velocity   at  C  :  to  the  velocity  at  any  place  P  :  : 

ss 
Co  :  CO  +  J^~rr  X  Co  :  :  112.4/T  :  ii2.4rr  + 

ss.     That  is,  the  velocity  at  C  :  velocity  at  P  :  : 

II2.4PP.8 
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H2.4PT1  :  ii2.4PTx  +  PK2.  And  the  moments  Fig. 
of  the  area  at  C  and  P  (being  as  the  velocities)  are  100. 
in  the  fame  proportion. 

Cor.  1.  Hence  the  whole  increment  of  the  moon's 
velocity  at  any  place  P,  in  pafjing  thro*  C  P  ;  is  as  the 
fquare  of  PK.  But  the  momentary  increment  (being 
as  PK  X  KTj  increafes  to  the  ohants  where  it  is 
great  eft,  and  from  thence  decreafes  to  A  where  it  is 
nothing. 

Cor.  2.  'The  moment  of  the  area  in  the  quadrature 
C,  is  to  the  moment  of  the  area  in  the  Jyzigy  :  :  as 
1 1 2.4  :  1 1 3.4  •,  and  the  fame  is  true  of  the  velocities. 

For  if  the  velocity  at  C  be  112.4,  the  incre- 
ment of  velocity  at  A  is  1  where  s  =s  r ;  and  the 
whole  is  1 1 3.4.  And  the  fame  for  the  areas,  de- 
fcribed  in  equal  times. 

Cor.  3.  In  the  oft  ants,  the  moment  of  the  area,  is 
So  the  moment  of  the  area  in  the  quadratures  :  :  as. 
225.8  to  224.8. 

For  then  ss  =  4  rr>  And  the  velocity  or  incre- 
ment of  the  area  at  C,  to  the  velocity  or  increment 
at  P,  is  as  112.45T  to  m.^rr  4-  ~rr,  or  as  224.8. 
to  225.8. 

Cor.  4.  The  fpace  defer  i-bed  by  all  the  additional 
■velocities,  in  pajfing  thro'  the  quadrant  CA,  is  — 

1 
g  X  CA.     And  in  faffing  thro*  any  arch  CP, 

is  as  the  area  of  the  fegment  CPK. 

The  fpaces  being  as  the  velocities,    whilft  the 

moon  defcribes  the  fpace  P/>,  with  the  velocity  at. 

G  ♦,    fiie  will   (by  Prop.   II.)   defcribe   the  fpace 

ss  .  .  ■       . 

X  P/>,  by  her  additional. velocity.     And. 

112  4?r  r       r  J 

whilft  fhe  defcribes   (the  fum   of  all  the   Pp)  or 

CP,  fhe  will  defcribe  an  additional  fpace  —  fum  of 

T  4  ?U 
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i*. ali  the  wfe?  ?P  =  TTi^r  x  fum  of  a!I  the  VP 

X  ss.     But  the  fum  of  all  the  Vp  X  ss  —  fegment 
CPK  X  r.     Therefore  whilit  me  defcribes  CP,  fhe 
will  defcribe  (by  her  additional  velocity)  an  arch  zz 
i  i  CPK 

xCPKxr— X And  when  me 

1 12. 4rr  112.4         r 

comes   at  A,  {he  will  defcribe  the  additional  arch 

i  CAT  i         CA  X  TA  i 

ii2.4X_    r      -H2.+  X         2?         ZZT^?6CA' 

PROP.     III.      P™£. 

^T(?  find  nearly  the  proportion  of  the  diameters  of 
the  moon's  orbit  \,  fuppofing  there  is  little  or  no  excen- 
tr  icily. 

ioi.      As  this  orbit  differs  not  much  from  an  ellipfis, 

we  will  fuppofe  it  to  be  the  ellipfis  CADB,  C  and 

D  the  quadratures,  A  and  B  the  fyziges,    T   the 

earth  in  the  center.     Let  the  femicon jugate  AT  zz 

>;,  the  femitranfverfe  TC  nv. 

By  Ex.  I.  Prop.  XIX.  SecSt.  II.  B.  II.  Curve  Lines, 

the  radius  of  curvature  at  the  vertex  of  an  ellipfis  is 

I-  latus  rectum ;  therefore  the  radius  of  curvature 

yy  xx 

at  A  —  — ">    and  at-  C  —  —  •     Alfo  (by   Cor.  5. 

Prop.  I.)  the  increafe  of  the  centripetal  force  at  C 
1 

'where  s  zz  o)  is  — 5 c.     And  the  decreafe  at 

\       178.725 

2 

A  ("where  s  z=  r)  is  — - c.  Therefore  the  force 

279.  yic,  176.725 

zl  C  is  — o~ — "~A   and  the  force  at  A  is  — :;— —  c. 
178.725/  i78-725 

7'herefore  the  torce  at  A  to  the  force  at  C,  is  as 
j  76.725  to  179.725.  Alfo  (by  Cor.  2.  Prop.  II.) 
the  velocity  at  A  is  to  the  velocity  at  C,  as  113.4 

to 


/^iT~ 

L  \^ 

R 

?$ 

K 

\         \ 

100. 

\             \ 

M 

1               \, 

M.i/tcmotu 


'/ 
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to  112.4,  and  fo  are  the  fmall  arches  Aa,  Cc  de-  Fig. 
fcribed  in  equal  times.  But  the  verfed  fines  of 
thefe  arches  are  as  the  forces  176.725  and  179.725. 
And  the  fquares  of  the  arches  (Aa,  Cc)  divided  by 
their  verfed  fines,  are  as  the  radii  of  curvature  in 
A  and  C.  Whence  it  follows  (putting  the  veloci- 
ties for  the  arches,  and  the  forces  for  the  verfed 


fines)  tha 

t    it3'4 
176.725 

XX 

y 

112. 4 

'  179.725 
1 12.4 
179.725 

. .  yy 

X 
X 

t  XX 
•  —  h 

y 

and 

therefore 

113.4 

176.725 

113.4'    X 

179.725 

X  x%  - 

:  112.4    Xi 

76-7*5 

Xf 

;  whence 

*?  :  y*  :  : 

112. 4 

X 

176.725 

:   113.4    X 

179.725. 

And  x 

:  y  :   : 

V 

U2.4    X 

176.7: 

>5   ';■• 

3.4  X  179.725  :  :  130.7  :  132.22  :  :  86.2 
87.2.  Therefore  the  moon's  diftance  from  the 
earth  in  the  fyziges,  is  to  her  diftance  in  the  qua- 
dratures, as  86  to  87.  It  is  to  be  noted,  that  Sir 
Ifaac  Newton  makes  them  to  be  as  6^  to  70,  which 
doubtlefs  are  more  exact.  But  it  depends  upon  a 
very  intricate  calculation. 

PROP.      IV.     Prob. 

To  find  the  variation  of  the  moon* 

The  variation  is  the  difference  between  the  mean 
and  true  place  of  the  moon  j  and  is  owing  partly 
to  the  elliptic  figure  of  the  moon's  orbit,  and  part- 
ly to  the  inequality  of  the  areas  defcribed  in  dif- 
ferent places  thereof. 

About  the  orbit  CAD  defcribe  the  femicircle  102. 
CFD.    Thro'  P  draw  BPK  perp.  to  DC,  and  draw 
TP,  TB.     Then  the  angle  CTB  will  be  the  mean 
motion,  and  CTP  the  true  motion.    For  the  area 

TPC 
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Fig.  TPC  is  to  the  area  TBC  :  :  as  TFC  to  TAC  :  : 
or  as  TF  to  TA.  Therefore  if  BTC  —  45  deg. 
and  BK  to  PK  as  FT  or  TC  to  AT,  that  is,  as  87 
to  86.  Then  PTK  will  be  440  40'  8",  and  BTP 
zz  19'  52",  which  is  one  part  of  the  variation,  or 
that  arifing  from  the  elliptic  figure  of  the  orbit. 
Here  if  we  had  made  ufe  of  Sir  J.  Newton's  num- 
bers 69  and  70,  we  mould  have  had  the  angle 
BTP  =  24'  42". 
103.  Let  CA  be  a  quadrant  of  the  orbit,  take  Qm  rz 
45  degrees,  and  let  m  be  the  mean  place,  a  the  true 
place,  and  /,  F  her  places  which  me  would  have 
without  any  acceleration.  Since  fhe  moves  floweft 
at  firft,  her  mean  place  m  will  be  before  her  true 
place  a-,  and  both  of  them  before  her  place/.    By 

1 

Cor.  4.  Prop.  II.  AF  = r  X  CA   —  24'.o2, 

r  224.0  .T        * 

and  fince  both  /  and  m  move  uniformly,  therefore 
C/  is  as  Cw,  and//?z  as  Qm  -,  and  fince  Qm  —  -^CA, 
fm  —  ^FA  St  i2y.oi.  But  (by  Cor.  4.  Prop.  II.) 
fa  :  FA  (24.02)  :  :  fegment  CmK.  :  area  CAT  :  : 
1427  :  7854-,  therefore /<2  zr  4!. 36.  Confequent- 
ly  ma  (fm  —  fa)  '—  y'.6§  —  y'  39",  which  is  the 
other  part  arifing  from  the  acceleration.  This 
added  to  the  angle  BTP  before  found  makes  I'f 
3 1"  for  the  greateft  variation.  But  if  Sir  J.  New- 
ton's numbers  were  made  ufe  of,  where  the  angle 
PTP  is  24'  42",  the  geateft  variation  in  the  oc- 
tants would  be  32'  2  1".  But  this  is  true  fuppofing 
the  moon  to  defCribe  only  90  degrees  from  the 
quadratures  to  the  fyziges.  But  as  the  defcribes  a 
greater  angle  in  proportion  of  the  fynodic  revolu- 
tion to  the  periodic,  or  as  10808  to  1 0000  ;  there- 
fore all  the  angles  are  dilated  in  that  proportion  j 
and  therefore  the  greateft  equation  will  be  29'  44". 
Or  from  Sir  J.  Newton's  numbers,  34/  58/;. 

PROP. 
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Fig. 
PROP.     V.     Prob. 

tfo  find  the  motion  of  the  moon's  nodes,   her  orbit 

"being  nearly  circular. 

Let  A^BQ  be  the  moon's  orbit,  T  the  earth,  P  the  ^4. 
moon,  S/\B  the  line  of  the  apfides,  Q,  q  the  quadra- 
tures, wN»  the  line  of  the  nodes.  PK,  PH,  AZ  per- 
pendiculars upon  TQ,  and  N».    Then  (by  Cor.  1. 
Prop.  I.)  the  force  by  which  the  moon  is   drawn 

.   .  3s  s 

out  of  her  orbit  is  — "t? c  — c.     Let 

i7S.725r  59-$75* 

PM  be  the  arch  which  the  moon  delcribes  in  any 
fmall  time,  and  ML  a  fmall  line,  which  the  moon 

s 

defcribes  in  the  fame  time  by  the  force  — ~~  cy 

1  59-575r 

as  this  force  is  directed  to  the  fun,  the  line  ML 
will  be  parallel  to  TS.  As  ML  is  the  diftance 
that  the  moon  is  drawn  from  the  arch  PM,  by  the 
faid  accelerative  force  ;  2  ML  will  be  the  uniform 
motion  it  has  acquired  in  that  time,  by  the  faid 
force.  Let  MP  be  continued  back  to  m,  in  the 
moon's  orbit,  to  cut  the  line  of  the  nodes  TN  in 
m.  Now  fmce  ML  is  parallel  to"  the  ecliptic  ;  a  . 
plane  drawn  thro'  ML  and  MPm,  will  cut  the 
ecliptic  in  a  line  ml,  which  will  be  parallel  to  ML 
(by  Cor.  Prop.  XI.  B.  V.  Geometry)  •,  therefore 
draw  LP/  to  cut  ml  in  /,  and  the  triangles  PML 

and  Yml  are  fimilar,  and  therefore  ml  —  — , 

MP 

but  fince  MP  is  given,  and  ML  is  as  the  force  3PK, 
therefore  ml  is  as  mV  X  PK.  Now  when  the  moon 
was  at  P,  the  line  of  the  nodes  was  at  Tm,  where 
the  plane  of  the  moon's  orbit  TMP  cuts  the  eclip- 
tic. But  when  the  moon  comes  to  L  (inftead  of 
M),  the  plane  of  her  orbit  will  then  be  in  the 
plane  TLP ;  and  the  line  of  the  nodes  at  T/, 
where  the  plane  TLP/ cuts  the  ecliptic.  There- 
fore 
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Fig.  fore  the  angular  motion  of  the  nodes  generated  in 
104. that  time  will  be  —  angle  mVh     But  the  angle 
ml 
mTl  is  as  ~  x  line  of  Tml  or  STN  ;  that  is,  as 

m?  X  PK 

■ — ^ — x  AZ  3  ^at  is5  (becaufe  by  fimilar  triangles 

m       PH\       PHxPK 

mT  =  PT  J  aS PT X  "AZ'  t^at  lS)  (becaufe 

PT  is  given)  as  PH  X  PK  X  AZ. 

The  line  ML  is  to  the  verfed  fine  of  the  arch 
PM,  as  the  forces  that  produce  them  ;  that  is,  as 

s 
—  c  to  c,  or  as  s  to  59.57 5r.     That  is  ML  : 

£mx  ::s:  59' 57 5r J  therefore  ML  =  Imt x 

When  P  falls  upon  A,  or  the  moon  is 

in  the  fyzigy ;  then  s  zz  r,  and  the  angle  PML  is 
a  right  angle  j  therefore   in  the   triangle   PML, 
/  PM*  \ 

PM  :  ML  (  -rrrz )  •  :  radius  :  S.LPM 

V2MI  X  59.575J 

PM 

or  mVl  =    AAr And  if  N  be  at  Q,  or 

2MI  x  59-575 
the  nodes  in  the  quadratures,  and  Pat  A;  then 
PM  and  PL  being  parallel  to  the  ecliptic,  m  and  / 
will  be  at  an  infinite  diftance,  and  then  the  an- 
gle mTl  will  be  equal  to  m?l,  whofe  fine  is 
PM  ,  -.     ■    .  ..;.,.  v 

■  .,.»■- And  the  ande mil  anfwenng  to 

2MI  X  59-575  °  # 

2  ML  is  the  motion  of  the  node,  whofe  fine  is 

PM 

A,~  w Suppofe  PM  to  be  defenbed  in 

MT  X  59-575  rr 

an  hour,  then  PM  or  the  mean  horary  motion  is 

327  56"^,  whofe  fine,  as  it  differs  infenfibly  from  the 

32'  56'% 
arch,  we  fhall  have  the  arch  =    rn  rtT_     (putting 

59'575 

PM 
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PM  =  1)  =  3 3".  1 8,  where  all  the  angles  PTK,  Fig. 
FTN  and  STN  are  right  angles.  And  in  other  104. 
cafes,  the  horary  motion  of  the  node  will  be  to 
33".  1 8,  as  the  product  of  the  fines  of  the  three 
angles  PTK,  PTN  and  STN,  to  the  radius  cube; 
and  the  nodes  are  regreflive  when  all  the  fines  are 
pofitive.  But  if  any  fine  changes  to  be  negative, 
the  nodes  will  be  progreflive. 

Cor.  1 .  The  nodes  are  progreffive,  when  the  moon 
is  between  either  quadrature?  and  the  node  neareji 
that  quadrature  •,  otherwife  they  are  regrejjive.  And 
ly  the  excefs  of  the  regrefs  above  the  progrefs,  they 
are  in  the  whole  moved  forward. 

For  in  the  arches  QA«  and  #BN ;  PK  and  PH 
are  both  affirmative  or  both  negative.  And  in  the 
arches  NQ,  nq ,  only  one  is  negative,  the  other 
being  affirmative. 

Cor.  2.  In  any  given  pofition  of  the  nodes  in  re- 
fpeEl  of  the  fun?  their  mean  horary  motion  is  half 
their  horary  motion  in  the  moorfs  Jyziges  \  and  is  to 
i6/7.59,  as  AZ2  to  AT1. 

For  let  QP  =  z,  QK  zz  x,  PK  =  y,  tan.  ON 

=  /,  AZ  =  s;  PT  =  r,  h  =  33'. 18.     Then  if 

PM  zz  z,  by  the  nature  of  the  circle  yz  zz  rx    But 

by  this  Prop,  the  horary  motion  of  the  nodes  at  P 

AZ  X  PH  X  PK 

as pjT x  33  ' 1 8*   ?roduce  PK  t0  D» 

and  by  limilar  triangles  TQJr)  :  TK  (r  —  x) : :  t : 

r  t—  x           ,•'"■_                   r  —  # 
KD  =  — /,  and  PD  zz  y  4- / ;  again 

by   fimilar  triangles,  AT   (r)  :  AZ  (s)   :   :  PD 

r  ■■"""  x   \  sy       r  *— -  x 

(y  +  -y-  t)  :  PH  =  ~  +  -^^-^.Therefore 

the  horary  motipn  of  the  nodes  at  P   zz  —r  X 

sy 
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JPlpr.   jy  y  —  x 

104.    + ts'   ^nc*  ^  ^um  °^ a^  t^ie  norary 

motions  in  the  femicirclc  31  fum  of  all  the  JL  X 

r4 


JF  +  LZL?/XPM  =flu.  of^x^  +  r 


r  r*  r 

SSffo  ¥*    r-i    -11    V 

X  z  =  flu.  of  — -  X  y  + /  X  x  ±  flu.  of 

jji>  rx  —  xx  ssh 

—  Xyx  + 1  -  —    X  area   QPK    + 

rx  —  ±xx 

m ■  /.     And  when  x  =  2r,   that  fum  is  z: 

r 

jj$  2r*  2T"2, 

r*  X  femicircle  QA^  + /  z:  QA?  X 

ssh        ssh 

— 7  =  —  X  arch  QAq. 
r  irr  ^  2 

Again,  when  P  is  in  A,  PH  z  AZ,  and  PK  = 

.*.        ~.  1        r  r     „     ,       AZXPHXPK, 

AT.     Then  the  fum  or  all  the 5=^ b 

_   ,     AZ1  jj      .       sshz       ssh 

zz  fum  of  the  77^7  0  zz  rl.  —  h  z  zz zz  —  X 

PT  rr  rr  rr 

arch  QA^.     And  the  former  fum  is  to  the  latter, 

ssh       ssh 

as  —  to  — »    or  as  1  to  2.    Therefore  if  the  nodes 
irr       rr 

went  on  with  the  velocity  they  have  in  the  moon's 

fyziges,  they  would  defcribe  twice  the  fpace  they 

now  defcribe ;  and  therefore  the  mean  motion  is 

but  half  their  motion  in  the  fyzigy. 

AZ1  7 

Laftly,  fince  p7p-2  h  zz  horary  motion  at  A,  the 

.    AZ4 
mean  horary  motion  is  ~p^Fi  hy  and  this  is  to  4-  b 

AZ1 
(i6//.59),  as  -pp  to  1  or  as  AZ2  to  PT*. 

Cor. 


Seft.  VI.    AKD    SATELLITES.  287 

Cor.  3.  If  the  moon's  orbit  be  an  ellipfis  infiead  Fig. 
ef  the  circle  QA^B ;  the  mean  horary  motion  will  be  1 04. 
contrasted  in  the  ratio  of  the  tranfverfe  to  the  con- 
jugate. 

For  the  force  3PK  being  lefTened  in  the  ratio  of 
TQj:o  TA  •,  the  line  LM,  and  confequently  the 
angle  LPM  will  be  diminifhed  in  the  fame  ratio. 
Therefore  the  horary  motion,  in  any  place,  and 
the  fum  of  all  the  horary  motions  will  be  diminifh- 
ed in  the  fame  ratio,  or  as  the  area  of  the  circle  to 
that  of  the  ellipfis.  That  is,  the  mean  motion  of 
the  nodes  in  the  circle  will  be  to  the  mean  motion 
of  the  nodes  in  the  ellipfis,  as  the  circle  to  the  el- 
lipfis, or  as  the  tranfverfe  to  the  conjugate. 

Cor.  4.  But  in  the  ellipfis,  if  V  and  v  he 
the  moon's  velocities  in  the  fyziges  and  quadratures ;, 
the  motion  of  the  nodes  in  the  quadratures,  to  the  mo- 
tion  in  the  fyziges,  in  defcribing  equal  parts  of  its  or-- 

hit,  will  be  as  —  to  ttTt' 
vv      VV 

For  the  motion  of  the  nodes  is  as  ML,  which 

is  as  the  fquare  of  the  time  in  MP,  and  therefore 

reciprocally  as  the  fquare  of  the  velocity. 

Cor.  5.  Hence  the  mean  horary  motion  of  the 
node  throughout  the  year  will  be  about  8".  lj  ;  and  in 
the  whole  year  19.9  deg. 

The  mean  horary  motion  throughout  the  year 
is  the  mean  of  all  the  mean  horary  motions,  for 
all  pofitions  of  the  node.  Let  /  —  TQ,  c  — 
TA,  then  (by  Cor.  2.  and  3.)  the  mean  horary 

ssh       c  ch 

motion  zz  —  X  —  zz  — ;  X  ss.     And  the  fum 
2rr       t  2rrt 

of  all    the   horary    motions   in  the   circle  is   d; 

ch  .  . 

— 7  X  fum  of.  all  the  ss  zz  (becaufe  the  fum  of 

all  the  ss  zz  r  X  area  of  the  circle)  J. —  X  area 

zrrt. 

QA2B 
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Fjo-.  chr  .  _  ch 

.I0^QA?B  =  —  X  r  X  circumference  QA^B  =  -  x 

circumference  QA^B. 

But  when  ^z  r,  the  mean  horary  motion  is 

£_,  and  the  fum  of  all  the  —  is  zz  —X  circumfe- 
2t  2/  2/ 

rence  QAjB  •,  and  the  former  fum  to  the  latter, 

is  as  —  to   —  or  as  i  to  2.     Therefore  the  mean 
4/         it 

annual  horary  motion  of  the  nodes  is  zz    _  — 
8".  1 76  j  and  in  the  whole  year  is  190  54'. 

PROP.    VI. 

The  horary  variation  of  the  inclination  of  the  moon's 
orbit,  is  to  the  horary  motion  of  the  nodes  :  :  as  the 
fine  of  the  inclination  of  the  orbit,  to  the  tangent  of 
the  moon's  dijiance  from  the  node. 

105.  Let  NP»  be  the  moon's  orbit,  N»  the  line  of 
the  nodes,  P  the  moon,  Pp  a  perpendicular  upon 
the  plane  of  the  ecliptic,  NTtk  the  horary  motion 
of  the  nodes.  Draw  PH  perp.  to  TN,  and  draw 
pHg  to  cut  T//7  in  g,  and  draw  P^.  Then  the 
angle  PHp  will  be  the  inclination  of  the  moon's 
orbit,  to  the  plane  of  the  ecliptic  when  the  moon  is 
at  P,  and  Pgp  is  the  inclination  after  an  hour; 
therefore  HPg  is  the  horary  variation  of  inclina- 
tion. Let  p  ■—  s. inclination,  q  —  tan.  NP,  and  let 
Ho  be  perp.  to  PH,  then  rad  (r)  :  Hg-  :  :  fine  of 

P 

Hgo  or  PHp  (p)  :Go  —  —  X  Hg-.    Then  the  mo- 
tion of  the  nodes  or  angle  HTg  :  variation  of  in- 

,       .  T  Hj      Bo 

clination  or  angle  HP£  or  HP<?  :  :  tt^  :  fTp"  or 

px 


Seft.  VI.    AND    SATELLITES.  289 

p  X  Hg       r  x  HP  t,vt  ,  x  ,  FiS- 

rxHP  :  :  ~HT~  :  ?  ;  :  tan*  PN  W  :^>  andi05. 

HP£  =  —  X  HTg-  =  ^  x  NTw. 

Cor.  1.  If  Q,  q  are  the  quadratures ;  NR,  «r 
quadrants.  Then  the  variation  of  inclination  is  no- 
thing at  the  four  points  Q,  R,  <?,  r.  yfW  /£<?  in- 
clination decreafes  from  Q^  to  R,  *z»<i  /rc0z  ^  /#  r, 
«;/for<?  zV  zj  leaf  •,  #»<i  increafes  from  R  /<?  ^  *zW 
/nw  r  to  Q,  w&r*  /'/  w  great  eft. 

For  at  Q,  y  the  nodes  are  ftationary,  and  NT02  is 
:=  o,  therefore  HPj-  =  o  5  and  at  R  and  r,  q  is 

infinite,    therefore  —  X  NT»z  or  HP*  —  o.  And 

the  inclination  decreafes  in  the  arches  QR,  and  qr. 
And  increafes  in  the  arches  R^,  and  rQ^  ForPgp 
is  lefs  than  PH/>,  &c. 

Cor.  2.  If  TL  be  perp.  to  TN,  and  KP  produced  106. 
ft?  D,  ^«^  /^  »  ~  number  of  hours  in  defcribingQP^ 
f  —  ./?#*  0/  2ATN    the  double  diflance  of  the  fun 
from  the  nodes.     Then  the- deer eafe  of  inclination  from, 

pnf  X  area  QLDP 
Q  to  P  will  be  -  ^r~fx~Qp h- 

Putting  the  fymbols  as  before  ;  then  the  horary 

p  p      HT 

rariation  HP^  =  —  X  NT02  =  —  X  Tjp  X  NT« 

p  X  HT     AZxPHxPK 
-  (Cor.  2.  Prop.  V.)  rX  pa  X -^ h 

*KHTXAZX  PK       psyh 
=  £■  X ^ =^-X  HT.  But  PK 

X  z  —  AT  X  tc  ;  and  drawing  HI  parallel  to  KD, 
we  have,  by  fimilar  triangles,  TH  :  IH  or  DP  :  : 

DP  X  TZ 

TZ  :  AT,  whence  TH  zz  — -rTp —  ;  and  there- 

U  fore 


2^0 
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Fig.  psyb       D?  X  TZ 

IO|fore  HP^  =  ™-  X  —   =  (becaufe  AZ  X 

TZz-l^XDPrTiXDPxPK.     And 
the  fum  of  all  the  variations  in  the  arch  QP  — 

fum  of  all  the  -4XDPxPK  =  fluent  of  — 4   x 

pfb 
DP  X  PK  x  z  =  ^  X  fl.  DP  X  AT  X  x  =  fl. 


77,  X  DP  X  £  1=  717  x  area  QpC)L.     But  as  h 


pfb  .        />/£ 

-,XDPxxz- 
2rJ  2r 

the  horary  motion  of  the  nodes  is  given,  we  mall 

pfb 
have  QP  :  n  (the  number  of  hours) : :  —  x  QPDL  : 

pnfh       QPDL 
whole  variation  in  that  time  zz  -777  X  ~~qU — 

And  at  R  where  the  inclination  is  leaft,  the  whole 
pnfb      area  QRL 

diminution  —  * — 7  X  — 775 * 

2r>  QK 

Cor.  3.  If  the  nodes  are  in  the  quadratures,  the 

pnyy 
variation  in  the  arch  QP  — Z7~Fr^h.     And  at 

27T  X  Qr 

.  ,        pn 

A  where  it  is  leaft,  it  is  —  ~Ty5  X  h. 

In  this  cafe  the  area  QPDL  is  infinite,  and  /  =z  o, 
from  which  no  folution  can  be  had.  Therefore 
we  muft  have  recourfe  to  the  original  procefs,  where 

pb      HT  X  AZ  x  PK        .  ph 

HGp  —  77  X Tp — ' ~  (in  this  cafe)  — 

KT  X  TA  x  PK      pb 

X  r^^fl "  z^-xTKxPK.    There- 

ph 
fore  the  fum  of  all  the  HGp  fir  —  X  fum  of  all  the 

TK  x  PK.     But  the  fum  of  all  the  TK  x  PK  = 
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ryy  «  Fie 

-=^.  Whence  the  fum  of  all  the  variations  in  QP  =:     g" 

•  "phyy 

— —  But  this  mult  be  diminilhed  according  to  the 
irr  c 

phyy       pnyy 
number  of  hours,  whenceQP  :  n: :  — :  '2rrXQpb- 

And  when  y  —  r,  the  whole  diminution  in  palling 

pn 
from  the  quadratures  to  the  fyziges  is  ~  -  op  & 

"==  162".  And  by  fo  much  it  is  increafed  again  at 
the  quadrature  q.  For  here  p  —  .087  (the  incli- 
nation being  5  deg.),  and  n  iz  177,  and  QA  zz 
1.57.     And  in  the  octants,  where  the  horary  varia- 

.         ■        .    .  pn 

tion  is  greateft,  the  variation  comes  out  -7^5  zz 

8 1",  in  the  moon's  palling  from  Q^to  P,  the  node 
remaining  at  Q^ 

PROP.     VII. 

tftye  eccentricity  of  the  moon's  orbit  is  continually 
varying ;  and  is  greateft  when  the  line  of  the  apjides 
is  in  the  fyziges  j  and  leaft,  when  it  is  in  the  quadra- 
tures. 

If  it  was  not  for  the  fun's  perturbating  force  the 
moon  would  always  defcribe  the  fame  elliplis,  and 
the  tranfverfe  axis  and  excentricity  of  the  orbit 
would  remain  unaltered.  But  fince  the  pertur- 
bating force  of  the  fun  always  acts  upon  her  more 
or  lefs,  and  caufes  all  the  irregularities  of  her  mo- 
tion ;  it  is  evident  that  all  thefe  effects  will  be  the 
greater  as  that  force  is  the  greater.  But  when  the 
tranfverfe  axis  or  line  of  the  aplides  is  in  the  fy- 
ziges, then  the  perturbating  force  TM  or  3PK 
(fig.  99.)  is  the  greateft  poifible,  by  which  means 
the  moon  is  removed  farther  from  the  earth,  and 
U  2  con- 


zgi  O  F     T  H  E     M  O  O  N 

■Fig.  confequently  the  tranfverfe  axis  is  lengthened,  and 
the  excentricity  becomes  greater.  And  the  con- 
trary happens  when  the  tranfverfe  is  in  the  quadra- 
tures ;  for  by  its  being  in  the  quadratures,  the 
force  LM  is  greater  •,  and  the  whole  centripetal 
force  towards  T  being  greater,  the  body  will  be 
drawn  nearer  the  earth  and  defcribe  a  lefs  orbit,  or 
one  lefs  excentric  than  before.  Therefore  when  the 
apfides  are  in  the .  quadratures,  the  excentricity  is 
lefs  •,  and  when  they  are  in  the  fyziges,  it  is  greater. 
But  how  much  it  is  greater  or  lefs  depends  upon 
the  mean  excentricity  ;  and  that  depends  upon  ob- 
lervation. 

Cor.  i.  Hence  the  excentricity  continually  increafesy 
as  the  apfides  move  from  the  quadratures  to  the  fy- 
ziges j  and  decreafes  from  the  fyziges  to  the  quadra- 
tures. 

Cor.  2.  Likewife  the  excentricity  of  the  orbit  con- 
tinually increafes,  as  the  moon  pajfes  from  the  quadra- 
tures to  the  fyziges ;  and  decreafes,  in  faffing  from 
the  fyziges  to  the  quadratures. 

For  the  pertur bating  force  increafes  from  the 
quadratures  to  the  fyziges ;  and  decreafes  from  the 
fyziges  to  the  quadratures. 

PROP.     VIII. 

107.  The  apfides  of  the  moorts  orbit  move  forward^  when 
the  moon  is  in  the  fyziges ;  but  backward  when  the 
moon  is  in  the  quadratures. 

Let  ACBQ  be  the  moon's  orbit ;  A,  B  the  fy- 
ziges *  Q  and  q  the  quadratures,  T  the  earth,  CG 
the  line  of  the  apfides.  Then  the  velocity  of  the. 
moon  at  the  fyziges  A,  and  the  area  defcribed 
there,  will  (by  Prop.  II.)  be  greater  for  the  time, 
than  the  velocity  and  area  at  the  quadrature  Qj 

and 
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and  therefore  the  velocity  and  area  will  be  greater  Fig. 
at  A,  and  lefs  at  Q^  than  it  ought  to  be  when  the  107,. 
orbit  is  defcribed  regularly  by  the  moon,  without 
any  acceleration  or  retardation  from  the  difturbing 
force.  Hence  it  follows,  that  the  moon  being  too 
fwift  at  A  will  leave  the  orbit  behind;  that  is,  the 
moon,  inftead  of  being  at  A  will  be  got  to  a  -,  ancj 
therefore  to  keep  it  ftill  in  the  orbit,  the  point  A  of 
the  orbit  mull  be  moved  to  a,  thro'  the  angle  AT  a, 
and  therefore  the  whole  orbit  mult  be  moved  thro* 
the  angle  AT  a ;  that  is,  the  apfides  Ca  G  muft  be 
moved  forward  thro'  the  angle  AT  a  or  CTc  equal  to 
it.  But  near  the  quadrature  Q,  where  the  moon  is  too 
flow,  fhe  will  be  left  behind  at  p  ;  and  therefore  to 
keep  her  in  the  fame  point  of  her  orbit,  the  orbit 
muft  be  moved  back  to  the  moon,  or  the  point  Q 
muft  be  moved  back  to  p\  and  therefore  the 
whole  orbit  muft  move  backwards  thro'  the  angle 
QTp.  Therefore  when  the  moon  is  in  the  fyziges, 
where  her  motion  is  too  faft,  the  apfides  move  for- 
ward ;  but  when  fhe  is,  in  the  quadratures,  where, 
her  motion  is  too  flow,  the  apfides  move  backward.. 

Cor.  1 .  When  the  apfides  are  in  the  fyziges,  they 
move  fqfteji  forward ;  and  in  the  quadratures  they, 
move  fajiefi  backward. 

For  in  the  fyziges  the  perturbating  force  is  great- 
er •,  and  the  effects  greater ;  and  the  contrary  in 
the  quadratures. 

Cor.  2.  In  a  whole  revolution  of  the  moon  the  ap- 
fides are  carried  forward.. 

For  (by  Cor.  9.  Prop.  I.)  the  centripetal  force 
of  the  earth  is  twice  as  much  diminifhed  in  the  fy- 
ziges as  it  is  increafed  in  the  quadratures ;  whence 
the  effects  will  be  greater  in  one  cafe  than  the 
other  •,  and  therefore  the  progrefs  of  the  apfides 
will  be  greater  than  their  regrefs. 

Cor.  3.  'There  are  certain  points  of  the  orbit  ^  whens 
U  3  iUk 
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Fig.  the  apfides  are  at  reft ;  and  thefe  are  at  about  35*4 

lay.  degrees  from  the  quadratures. 

For  (by  Cor.  3.  Prop.  I.)  in  thefe  points,  the 
difturbing  force  ceafes,  and  if  the  force  was  always 
to  continue  proportional  to  that,  the  moon  would 
move  in  an  immoveable  orbit ;  therefore  in  thefe 
points,  the  orbit  is  at  reft. 

Scholium. 

In  confequence  of  the  greater  and  lefTer  pertur- 
bating  force  of  the  fun  in  different  parts,  and  in 
different  fituations  of  the  moon's  orbit,  the  apfides 
are  carried  with  an  unequal  motion,  increafing  to 
the  fyziges,  and  decreafing  towards  the  quadra- 
tures till  they  Hand  •,  then  moving  backwards  fafter 
and  fafter  to  the  quadratures,  where  the  motion 
begins  to  decreafe  again.  And  all  thefe  motions 
are  greater  or  lefTer  according  as  the  forces  that 
produce  them  are  greater  or  lefTer ;  and  the  fame 
is  true  of  all  irregular  motions  of  the  moon.  And 
fince  thefe  forces  are  a  little  greater  at  the  conjunc- 
tion than  at  the  oppofition  of  the  luminaries  •,  all 
thefe  effects  will  be  fomething  greater  at  the  con- 
junction than  at  the  oppofition. 

Thefe  difturbing  forces  of  the  fun,  and  their 
effects,  are  alfo  different  at  different  times  of  the 
year.  For  (by  Prop.  XXVIII.  Cor.  4.  Centripetal 
forces)  thefe  forces  or  their  effects  are  reciprocally 
as  the  cube  of  the  fun's  diftance  at  that  time. 
And  therefore  the  motion  of  the  apogee  and  nodes, 
and  the  excentricity  of  the  orbit,  will  be  greater 
in  winter  than  in  fummer.  In  winter  the  fun's 
greater  force  dilates  the  moon's  orbit,  and  then  fhe 
moves  flower,  and  her  periodic  time  is  greater.  In 
fummer  his  lefTer  force  contracts  the  orbit,  and  fhe 
moves  fafter  ;  and  her  periodic  time  is  lefs. 

From  the  foregoing  principles,  and  proper  ob- 
fervations  made  upon  the  moon's  motions,  tables 

are 
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are  conftructed  for  readily  finding  the  moon's  place;  Fig. 
without  which  it  would  be  an  immenfe  labour  to  107. 
do  it.     The  elements  of  the  moon's  motion  that 
have  been   gained   by   obfervation,    befides  thefe 
mentioned  in  Prob.  XVIII.  Seel:.  IV.  are  the  fol- . 
lowing. 


/      // 


The  greater!:  equation  of  the  apogee        12   18  00 

The  greater!;  equation  of  the  node  1   29  40 

The  mean  inclination  of  the  orbit  5     8  30 

The  greateft  inclination               —  5   17  30. 

The  lean;  inclination                —  4  59  3a 

The  mean  variation  in  the  octants  2  5   IO 

The  greateft  variation                 — «  3  J  25 

The  lean:  variation         -*■         —  "-      33     4 

The  mean  horizontal  parallax  —           si     5 

The  mean  excentricity  $$  (of  1000  parts),  the 
greateft  66-/-0,  the  leaft  43^-5- 

The  greateft  annual  equation  of  the  moon's- 
place,  1 17  50" ;  of  the  apogee,  20'  o"  -,  of  the 
node,  9;  30". 

The  ratio  of  the  moon's  parallax  to  her  diame- 
ter, as  167  to  90,  or  as  11  to  6. 

PROP.     IX.    Prob. 

To  explain  'the  nature,  confiruElion,  and  ufe  of  the 
lunar  tables,  for  finding  the  maoris  place. 

For  this  purpofe  different  authors  have  different 
methods,  and  different  fets  of  tables.  Some  ha- 
ving more,  fame  fewer.  Some  throw  feveral  equa- 
tions together  in  one  table,  whilft  others  give  thenv 
in  feparate  tables.  However  the  principal  of  them 
are  thefe  that  follow. 

i.    A  table  of  the   epoeha's  or  radix's  of   the. 
moon's' mean  place,  her  apogee  and  afcending  node, 
made  for  the  beginning  of  feveral  years  ;  beginning 
U  4  Dc 
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Fig.  December  3 1  at  noon,  and  for  fome  particular  place 
you  pitch  on.  Thefe  are  matters  of  obfervation  •,  and 
this  table  is  generally  made  to  agree  with  the 
moon's  motion  when  the  earth  is  in  the  aphelion. 
In  this  table  is  inferted  a  table  of  the  moon's  mean 
motion  from  the  fun,  for  thefe  times  •,  or  elfe  a  fe- 
parate  table  is  to  be  made  for  that  purpofe. 

2.  A  table  of  the  mean  motions  of  the  moon, 
of  its  apogee  and  node,  is  made  for  years  and  cen- 
turies of  years  •,  and  for  months,  days,  hours,  &c. 
And  likewife  the  mean  motions  of  the  moon  from 
the  fun.  This  table  is  calculated  from  the  moon's 
periodical  time,  which  is  known  ;  and  ferves  to 
find  the  mean  place  of  the  moon,  apogee,  and 
node  for  a  given  time. 

3.  A  table  of  the  annual  equations  of  the  moon, 
apogee,  and  node,  correfponding  to  the  equation 
of  the  fun  (called  the  equation  of  the  center),  thefe 
equations,  in  different  parts  of  the  earth's  orbit,  are 
reciprocally  as  the  cube  of  the  fun's  diftance. 
And  thefe  four  annual  equations  are  proportional  to 
one  another  -,  and  when  one  is  greateft,  the  reft  are 
greateft  ;  and  increafe  and  dimmim  in  the  fame  ra- 
tio. Thefe  are  to  correct  the  mean  place  of  the 
moon,  her  apogee  and  node,  found  before  when 
the  equation  of  the  fun  is  to  be  added,  that  of  the 
apogee  is  to  be  added  -,  and  thofe  of  the  moon,  and 
of  the  node,  fubtracted  -,  and  the  contrary. 

4.  A  table  of  the  correction  of  the  moon's  mo- 
tion, depending  on  the  angle  between  the  fun  and 
the  apogee ;  and  is  greateft  when  the  apogee  is  in 
the  octants,  and  amounts  to  3'  §6"  when  the  earth 
is  in  the  perihelion  •,  and  to  3'  34",  in  the  aphelion. 
But  this  greateft  equation  varies  in  the  reciprocal 
proportion  of  the  fun's  diftance.  But  when  the 
apogee  is  out  of  the  octants,  the  equation  is  lefs, 
in  proportion  of  the  fine  of  twice  the  diftance  of 

the 
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the  apogee  (from  the  next  fyzigy  or  quadrature)  to 
radius.  This  equation  is  to  be  added  to  the  moon's 
motion,  when  the  apogee  paries  from  the  quadra- 
ture to  the  fyzigy  ;  but  fubtracled,  from  the  fyzigy 
to  the  quadrature. 

5.  A  table  of  corrections  of  the  mean  place  of 
the  apogee,  and  contains  two  equations.  The  ift 
depends  on  the  angle  between  the  fun  and  apogee ; 
for  the  apogee  goes  forward  in  the  fyziges  and 
backward  in  the  quadratures.  The  2d  is  a  men- 
ftrual  equation,  and  depends  on  the  angle  between 
the  fun  and  moon. 

6.  A  table  of  equations  of  the  apogee  and  ex- 
centricity  of  the  orbit.  This  depends  on  the  angle 
between  the  apogee  and  fun  •,  here  the  excentricity 
is  put  down  over  againft  the  equation  of  the  apo- 
gee which  depends  on  the  faid  angle.  This  equa- 
tion is  to  be  added  (if  that  angle  be  lefs  than  90 
or  between  180  and  270,  otherwife  iubtracted)  to 
the  place  of  the  apogee  equated ;  which  gives  a 
more  correct  place  of  the  apogee ;  and  having  the 
moon's  place,  the  moon's  mean  anomaly  will  be 
had.  But  thefe  excentricities  ought  to  be  correct- 
ed, according  to  the  diftance  of  the  moon  from 
the  fyziges,  and  of  the  fun's  diftance. 

7.  Another  table  of  the  correction  of  the  moon's 
-  motion,  depending  on  the  angle  between  the  fua 

and  the  node.  This  equation  is  greateft  when  the. 
nodes  are  in  the  octants,  and  is  o  at  the  fyziges  and 
quadratures.  It  is  calculated  by  Prop.  V.  When 
greateft  it  is  47",  and  is  as  the  fign  of  twice  the 
diftance  of  the  node  from  the  fyzigy  or  quadrature. 
This  is  to  be  added  to  the  moon's  place  if  the  -nodes 
move  from  the  fyziges  to  the  quadratures ;  or  elfe 
fubtracted. 

8.  A  table  of  the  equation  of  the  orbit ;  this  is 
calculated  like  the  equations  in  a  primary  planet, 
and  by  it  is  found  the  moon's  place  in  its  orbit, 

the 
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the  fame  way  that  a  planet's  place  is  found.  This 
is  called  the  equation  of  the  moon's  center,  and  an- 
fwers  to  the  degrees  of  the  moon's  mean  anomaly. 
Here,  as  the  excentricity  varies,  there  muft  be  two 
tables  of  this  fort,  anfwering  thereto.  And  for  a 
mean  excentricity,  a  proportional  equation  mull  be 
taken. 

9.  A  table  of  the  moon's  variation  or  reflection. 
This  is  calculated  by  Prop.  IV.  It  is  greater  when 
the  earth  is  in  the  perihelion,  and  lefs  in  the  a- 
phelion,  reciprocally  as  the  cube  of  the  fun's  dif- 
tance.  This  table  is  to  be  corrected  according  to 
the  feveral  degrees  ef  the  fun's  mean  anomaly.  By 
this  the  moon's  place  is  corrected  by  adding  this 
correction  in  the  1  ft  and  3d  quadrants-,  and  fub- 
tracting  it  in  the  2d  and  4th. 

10.  A  table  of  three  equations  of  the  nodes.  The 
ift  depends  on  the  angle  between  the  fun  and  the 
nodes  ;  for  the  nodes  are  at  reft  in  the  fyziges,  and 
move  backward  at  the  quadratures  j  the  2d  is  a 
menftrual  equation  of  the  nodes  depending  on  the 
angle  between  the  fun  and  moon.  The  third  is 
annual ;  for  the  nodes  are  fwifter  in  the  perihelion. 
The  calculation  ok  thefe  depend  on  Prop.  V. 

11.  A  table  mewing  the  correction  of  the. incli- 
nation of  the  orbit.  For  the  inclination  is  leaft 
when  the  nodes  are  in  the  quadratures  with  the  fun  ; 
and  greateft  in  the  fyziges.  And  in  a  revolution 
of  the  moon  ;  leaft  when  fhe  is  in  the  fyziges,  and 
greateft  in  the  quadratures.  Thefe  are  like  the  e- 
quations  of  the  nodes ;  and  may  therefore  be  put 
into  the  10th  table. 

12.  A  table  (hewing  how  much  thefe  equations 
and  corrections  are  to  be  increafed  in  the  conjunc- 
tion ;  and  decreafed  in  the  oppofition  to  the  fun. 
For  the  forces  being  greater  in  the  conjunction, 
their  effects  will  be  greater. 

13.  A 
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13.  A  table  of  the  moon's  latitude  for  every  de- 
gree of  diftance  from  the  node.  This  is  made  the 
fame  way  as  the  tables  of  the  primary  planets. 
But  becaufe  the  inclination  varies,  the  table  is  made 
for  the  leaft ;  and  there  is  added  fuch  parts  as 
make  up  the  greateft.  And  in  the  mean  inclina- 
tions a  proportional  part  thereof  is  to  be  added. 

14.  A  table  (hewing  the  moon's  place  reduced 
to  the  ecliptic,  for  all  degrees  of  the  moon's  dif- 
tance from  the  node  •,  and  is  juft  the  fame  as  in  the 
primary  planets.  The  difference  between  this  dif- 
tance from  the  node,  and  the  reduced  arch  (or  the 
hypothenufe  and  bafe)  is  called  the  reduEIion,  which 
is  put  into  the  table  in  a  proper  column.  This  is 
alfo  for  the  leaft  variation,  and  muft  be  increafed 
upon  occalion  like  the  other. 

15.  A  table  of  the  moon's  parallax.  This  muft 
be  made  for  the  greateft  and  leaft  excentricify  j  and 
a  mean  muft  be  taken  as  there  is  occafion.  This 
table  is  alfo  to  contain  particles  to  be  fubtracled,  as 
the  moon  approaches  the  quadratures,  where  it  is 
leaft.  The  parallax  is  alfo  lefs  when  the  earth  is  in 
the  perihelion,  and  greater  in  the  aphelion. 

Some  of  thefe  tables  may  be  branched  into  two 
or  three,  or  perhaps  ibmetimes  two  may  be  put 
into  one,  as  may  be  thought  proper  •,  different 
people  having  different  methods.  There  are  alfo 
other  tables  of  the  moon  which  may  be  ufeful, 
fuch  as  a  table  of  epochas  of  th6  mean  conjunctions 
of  the  moon  with  the  fan.  A  table  of  lunar  pe- 
riods. A  table  of  the  horary  motions  of  the  fun 
and  moon,  their  diameters,  and  parallaxes,  in  e- 
clipfes.  Tables  of  the  plenary  periods  of  folar  and 
lunar  eclipfes,  &c. 
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PROP.    X.     Prob. 
To  find  the  moon's  place  at  a  given  time. 

As  different  authors  have  different  tables  and  dif- 
ferent methods  of  working  -,  therefore  no  general 
rules  or  precepts  can  be  laid  down,  that  will  fuit 
all  authors  and  tables.  For  thofe  that  have  con- 
ftructed  tables  have  put  them  into  various  forms, 
which  require  a  different  procefs  or  method  of  cal- 
culation. Yet  there  are  fome  things  which  are 
common  to  them  all.  I  {hall  give  the  method  ac- 
cording to  our  countryman  Dr.  Halley,  as  follows. 

The  arguments  in  any  table  for  the  feveral  equa- 
tions, are  the  leading  numbers  therein,  or  the  num- 
bers in  the  firft  column  of  the  table,  by  which  the 
equations  are  found. 

i.  By  H  a  l  l  e  y's  Tables. 

The  precepts  for  thefe  tables  are  the  following. 
Let  M  zz  fun's  mean  anomaly. 
©   zz  fun's  true  place. 
A  =:  place  of  the  fun's  apogee. 
T>   zz  moon's  mean  place. 
D  i,  5  2,  ]>  3,&c.  —moon's  place  once,  twice, 

thrice,  &c.  equated. 
S3 ,  Q  i,  S3  2  zz  mean  place  of  the  moon's  af- 
cending  node,  and  once,  twice 
equated. 
G,  G  J,  G2  zz  mean  place  of  the  moon's  apo- 
gee, and  the  fame  once,  twice 
equated.     Then, 

1.  Find  the  true  place  of  the  fun,  his  apogee, 
and  mean  anomaly,  to  the  time  given,  reduced  to 
mean  time.     By  Prop.  XII.  Se£t.  V. 

2.  From  the  tables  of  the  epochas  of  the  moon's 
-mean  motions  (H/^4  —  lit,  &c.J,  take  the  mean 
longitude  of  the  moon,  her  apogee  and  node ;  for 
years,   months,  days,    hours,  &c.  and  add  them 
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into  feparate  fums  for  the  moon  and  apogee.  And 
for  the  node,  fubtract  the  fum  (for  the  month,  day, 
hour,  &c.)  from  its  place  in  the  radical  year. 

3 .  From  the  table  of  the  annual  equations  of  the 
moon,  &c.  (L/3,  &c.)  take  the  equations  of  the 
moon,  its  apogee,  and  node;  aniwering  to  the 
fun's  mean  anomaly  for  the  argument.  With  thefe 
correct  the  places  of  the  moon,  its  apogee  and 
node  •,  by  adding  or  fubtraeting  as  the  table  directs. ) 

4.  In  the  table  of  the  firfi  femeftral  equation  (M»), 
find  the  fecond  equation  of  the  moon's  place,  cor- 
refponding  to  the  argument  o  —  Gi  =  N,  called 
the  annual  Argument. 

5.  In  the  fame  table  (Mm),  with  the  other  femef- 
tral equation  -,  with  the  argument  0  —  Qi,  find  the 
third  equation  of  the  moon. 

6.  In  the  table  of  the  equations  of  the  apogee  and 

eccentricity  (M*»2,  &c),  with  the  annual  argument 

N,  find  the  log.  for  the  equation  of  the  moon's 

v                                      j  1  — Gi 
center ;  add  it  to  the  log.  tangent  of > 

the  fum  is  the  log.  tangent  of  an  angle,  which 
doubled  and  taken  from  ji  —  G 1  (or  its  comp. 
to  12  figns,  when  greater  than  6),  gives  a  correc- 
tion, which  muft  be  taken  from  S3  —  A  +  N, 
when  3)  1  —  Gi  is  lefs  than  6  figns;  or  added,  if 
above.  With  this  argument,  feek  in  the  table  of 
the  fourth  equation  of  the  moon  {Mm),  for  the  equa- 
tion ;  which  will  correct  the  moon's  place  a  fourth 
time. 

7.  In  the  table  of  the  equation  of  the  apogee  and 
eccentricity  (Mmi,  &c),  with  the  annual  argument 
N,  find .  the  fecond  equation  of  the  apogee,  the 
excentricity  of  the  orbit,  and  the  log.  for  the  equa- 
tion of  the  moon's  center.  The  firfl:  corrects  the 
apogee  a  fecond  time. 

8.  In  the  table  for  readily  finding  the  equation  of 
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the  moon's  center  (Nn,  &c),  with  the  argument 
J  4  —  G2  (or  the  moon's  mean  anomaly), or  its  fup- 
plementto  12  figns  (when  it  is  greater  than  6),  find 
the  equation  in  the  column  having  the  proper  loo-, 
for  the  equation  of  the  moon's  center  at  top.  Add 
(or  fubtractj  this  equation  to  half  the  mean  ano- 
maly, and  to  the  log.  tangent  of  this  corrected  an- 
gle, add  the  log.  for  the  equation  of  the  center 
(found  Art.  7.),  gives  the  log.  tangent  of  half  the 
true  anomaly,  which  doubled  is  the  true  anomaly. 
And  the  difference  of  the  mean  and  true  anomaly 
is  the  equation  of  the  center.  This  is  to  be  fub- 
tra&ed  from  the  moon's  place,  when  the  meag 
anomaly  exceeds  not  6  figns,  otherwife  added. 
This  gives  the  moon's  place  equated  a  fifth  time. 

9.  In  the  table  of  the  moon's  variation  or  reflexion 
(N7Z4),  with  the  argument  ])  5  —  o,  find  the  moon's 
variation;  to  its  logiftical  log.  add  the  log.  an- 
swering to  the  argument  M,  in  the  table  of  loga- 
rithms for  correcting  the  variation  (N«4),  the  fum  is 
the  logift.  log.  of  the  true  variation,  by  which  cor- 
recting the  moon's  place  (Art.  8.),  gives  her  true 
longitude  in  her  proper  orbit. 

10.  In  the  table  for  commuting  the  moon's  latitude 
(O0),  with  the  argument  q  — £  1,  find  the  fecond 
equation  of  the  node,  the  log.  line  of  the  greater!: 
inclination,  and  the  greateft  reduction,  by  this 
equation  of  the  node,  the  place  of  the  node  is  a 
fecond  time  corrected.  This  place  of  the  node 
taken  from  the  moon's  place,  gives  the  argument 
of  latitude. 

To  the  log.  fine  of  the  greateft  inclination  add 
the  log.  fine  of  the  argument  of  latitude,  the  fum 
(abating  radius)  is  the  log.  fine  of  the  moon's  la- 
titude ;  which  is  north,  when  the  argument  of  la- 
titude is  lefs  than  6  figns,  otherwife  fouth, 

To  the  logift.  log.  of  the  greateft  reduction,  add 
the  arith.  complement  of  the  log.  fine  of  twice  the 

argu- 
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argument  of  latitude  j  the  fum  is  the  logiftic  log.  of 
the  true  reduction  ;  which  muft  be  fubtracted  from 
the  moon's  longitude  in  her  own  orbit,  in  the  firft 
and  third  quadrants  of  the  argument  of  latitude, 
or  added  in  the  fecond  and  fourth  ;  and  there  is 
had  the  moon's  longitude  in  the  ecliptic. 

Thus  the  longitude  and  latitude  of  the  moon  is 
found,  as  feen  from  the  center  of  the  earth,  or 
where  fhe  is  vertical. 

1 1.  In  the  table  of  the  moon's  horizontal  parallax 
in  the  fyzigy  (O02),  find  the  parallax,  anfweringto 
her  true  anomaly,  and  alfo  to  her  excentricity ;  to 
the  logiftic  log.  hereof,  add  the  log.  anfwering  to 
the  moon's  diltance  from  the  nearer!  fyzigy,  found 
in  the  table  of  -parallaxes  without  the  fyziges  (O02)  ; 
the  fum  is  the  logiftic  log.  of  the  moon's  true  ho- 
rizontal parallax. 

12.  Then  rad  :  cof.  altitude  :  :  horizontal  paral- 
lax :  to  the  parallax  at  that  altitude  (by  Cor.  3. 
Prob.  XVI.  Seel:.  IV.).  Then  the  parallax  in  la- 
titude and  longitude  will  be  found  by  Prob.  XVII. 
Seel:.  IV.  and  confequently  the  apparent  latitude 
and  longitude  of  the  moon,  or  her  apparent  place.  J 

But  after  all,  if  the  places  thus  found  do  not 
agree  to  obfervations ;  thefe  equations  ought  to  be 
corrected  by  obfervation,  or  new  ones  found  out, 
to  make  the  tables  compleat. 

Note,  If  the  place  you  calculate  for,  is  not  that 
for  which  the  tables  are  made ;  the  time  will  be 
different,  according  to  the  difference  of  longitude. 
Which  time  muft  be  adjufted,  before  you  begin 
your  work. 

Example, 

To  find  the  moon's  place,  Nov.  18,  1768,  at 
7  o'clock,  2 1  minutes,  mean  time. 
Sun's  mean  anomaly  1=4  19  31  22  n  M. 
fun's  true  place  ;z  7  27     224  =  0. 

his  apogee  =13     8  47  47  zz  A. 

Thif 
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This  being  leap  year,  a  day  muft  be  added,  and 
the  calculation  muft  be  made  for  1 1  days  fooner, 
by  thefe  tables ;  that  is,  for  Nov.  8. 


1768 

Nov.  8 

7h. 

21  m. 

J 
1  equa. 

Dl 
2  eq. 

D2 

3eq- 

D3 
4eq. 

D4 
5eq. 

»5 
6  eq. 

1>6 

J  place 


}lat. 


Moon. 


Apogee. 
»       o     /      // 


6  14 

5     1 
3 

54  14 

2     7 

50  35 
11   32 

6 
1 

4 
4 

36  20 
45  34 

1  57 
6 

11   19 

+ 

58  28 
7  47 

7 

9 

^3  57  =3 
13   11 

G 

11  20 

6  15 
2  10 

7 

+ 

9 
6 

10  46  - 
3   17 

Gi 

11   20 

4     5 

4-   45 

7 

*5 

"4     3  = 

G2 

9 

Node. 
21   31  23 

11  20 

4  50 
1   47 

11  20 
—    6 

3     3 
23  26 

16 

31   20 
56 

3 

11    13 

var.  — 

39  37 

20     7 

— 

16 

32   19 

11   13 

red.  — 

19    JO 

4  37 

9 

4 
+ 

59     4  = 
6    16 

S3 

11   13   14  53 
moon's  longit. 
in  the  ecliptic 

9 

5 
1 

5   20  = 
26  33 

5  I 

9 

3 

38   47  = 

4  51 

13NJ 

8  2 

J3  — 


Arguments, 

A           O             / 

// 

O         ■—  Gl      =          ©       17       51 

55  =  N. 

0    — 81  =  to  21  57 

2  1. 

Di  — Gi  —    4  10  55 

29. 

A  +  N    =    7  23  25 

8. 

D4— G2  =    4    449 

0  zz  meaa  anom. 

J>5 
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J5-0     =  3s  1 6°  36'  56". 
[  D  6  —  8  2  =  2      9    40    43  ss  arg.  latitude. 

Operations. 
The  excentricity  .0649 

equation  of  the  center  log.  9-94  3534- 
Di— Gi 
- =  y>$  27  45  its  tan.    10.340542 

tang.  62  31  47  10.284076 

doubled  4     5     3  34 

Di — Gi  =     4  10  55  29 

correction  5  51  55 


I D  3  —  A  +  N     =  7  23  25     8 

fubtr.  —    5  51  55 

argum.  Art.  6        22  7  *7  33  13 

equation  —     1  47 

half  the  m.  anom.  62  24  30 

equat.  Art.  8.  —     1   35 

62  22   57 
its  tang.  10.281352 

log.  eq.  center  9-943534- 

the  tangent  10.224886 

of  4-  true  anomaly         59  1 2  47 

true  anomaly  3  28  25  34 

mean  anomaly  4    4  49     o 

equat.  center  o     6  23  26 

variation  —    — -    —  19   16 

its  logiftic  log.  4933 

correction  log. —  —      '9.9814 

■whole  variation  20'  7"         4747 

S.  greateft  inclin.  8.95532 

S.  arg.  latitude  9.97209 

line  of  8.9274 1 

the  moon's  lat.  451   13  N. 


X  jgreateft 
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greateft  reduction  —  —  —  *f  i" 
its  logift.  log.  —  —  —  9320 
comp.  Art.  2.  arg.  lat.  1862 

redu&ion  4/  37"  1 1182 

parallax  59'   1"  logift.  log.       72 
log.   J   dift.  from  iyzigy  $j 

horizontal  parallax  58'  15"     129 

The  remaining  work  being  purely  fpherical  tri- 
gonometry, is  done  by  Prob.  XXXIX.  Seel:.  II. 
and  Prob.  XVII.  Sett.  IV.  for  rinding  the  parallax 
in  latitude  and  longitude. 

But  experience  fhews,  that  thefe  tables  do  not 
now  anfwer  to  the  heavens ;  fo  that  they  want 
fome  amendment,  or  perhaps  fome  fmall  equations 
are  ftill  wanting,  in  order  to  compute  the  moon's 
place  correctly ;  which  future  induftry  muft  find  out. 

PROP.    XL    Prob. 

To  find  the  mean  and  true  time  of  thefyzigy,  or  of 
the  new  and  full  moon,  for  a  given  month. 

The  mean  time  of  a  fyzigy,  is  the  time  when  the 
mean  places  of  the  fun  and  moon  in  the  ecliptic, 
are  the  fame  for  the  conjunction,  or  oppofite  for 
the  oppofition.  And  the  true  time  is  when  their  true 
places  are  exactly  the  fame,  in  the  conjunction  j  or 
o'irectly  oppofite,  for  the  oppofition. 

1.  For  the  mean  time  of  a  conjunction  or  oppofition 

From  the  table  of  the  mean  motion  of  the  moon 
from  the  fun,  take  out  the  numbers  for  the  given 
year  and  month,  add  them  up  together ;  and  fub- 
tract  the  fum  from  12  figns,  for  the  conjunction; 
or  from  6  or  18,  for  the  oppofition.  Then  leek 
the  remainder  in  the  fame  table  for  days,  if  it  can- 
not 
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not  be  exactly  found,  take  the  next  leffer  and  fub- 
tracl  it  from  that  remainder ;  and  note  the  time 
correfponding.  In  like  manner  feek  this  fecond  re- 
mainder, in  the  fame  table  for  hours,  and  fubtract 
the  next  leffer  number  from  it,  and  note  the  time. 
Do  the  like  for  minutes,  &c.  till  nothing  remains. 
The  mm  of  all  thefe  parts  of  time,  gives  the  day, 
hour,  minute,  &c.  of  the  fyzigy  fought. 

Note,  In  leap  year  after  February,  this  time  muft 
be  lelfened  by  a  day. 

This  table  of  the  mean  motion  of  the  moon 
from  the  fun,  you  have  in  almoft  all  books  of  af- 
tronomical  tables. 

2.  For  the  true  time. 

Find  the  true  places  of  :he  fun  and  moon  in  the 
ecliptic,  for  the  mean  time  of  the  fyzigy,  now 
found  (by  the  laft  Prop.)  If  they  agree,  or  be 
oppofite,  there  is  no  more  to  be  done.  But  if  they 
differ,  take  that  difference,  and  feek  it  in  the  fame 
table,  for  days,  hours,  &c ;  and  proceed  as  before, 
to  find  the  difference  of  time.  Add  this  to  the 
mean  time,  if  the  moon  be  fhort  of  the  fyzigy  ;  or 
fubtract  it,  if  paft ;  and  you  have  nearly  the  true 
time  of  the  fyzigy. 

But  to  be  exact,  you  muft  repeat  the  operation,  and 
find  the  true  places  of  the  fun  and  moon,  for  this 
laft  found  time,  and  their  diftance.  Then  proceed 
as  before.  Otherwife  the  time  will  be  known,  by 
proportion  in  which  this  laft  diftance  is  run  over 
by  the  moon.  For  as  the  former  diftance,  to  the 
time  it  is  run  in  ;  fo  this  laft  diftance,  to  the  time 
from  the  fyzigy  ;  which  time  being  added  or  fub* 
traded,  gives  the  correct  time  of  the  fyziges. 

If  you  have  a  table  of  the  horary  motions  of  the 
fun  and  moon,  for  their  feveral  anomalies  ;  the 
horary  motion  of  the  moon  from  tht  fun  at  that 
time,  will  be  known  thereby.  Whence,  after  their 
true  places  are  once  found,  and  their  diftance,  the 
X  z  time 
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time  of  the  fyziges  will  be  found,  by  making  a 
proportion,  according  to  that  horary  motion,  for 
that  interval  of  time,  to  reach  the  fyzigy.  But  if 
the  time  of  the  fyzigy  thus  got,  be  not  exact  e- 
nough,  which  feldom  happens,  their  places  muft 
be  found  again,  and  the  reft  of  the  operation  re- 
peated. 

Note,  the  time  thus  found  only  anfwers  for  the 
place  the  tables  are  made  for.  In  other  places  the 
time  will  be  different,  according  to  the  difference 
of  meridians,  which  muft  be  taken  notice  of. 

Cor.  i .  The  mean  time  of  any  fyziges  being  known, 
the  mean  time  of  any  other  will  be  known,  by  adding 
continually  29/  i2h  441",  the  moon's  fynodic  revolution  ; 
or  fub trailing  it,  for  the  preceeding  fyziges. 

Cor.  2.  Hence  the  mean  time  of  the  new  and  full 
moon,  for  any  month,  is  very  eaftly  and  readily  found. 
But  to  find  the  exacl  time,  requires  a  great  deal  of  la- 
hour  and  calculation. 

Example, 

To  find  the  time  of  oppofition  or  full  moon,  in  De- 
cember 1768. 

1 .  For  the  mean  time. 


1768 
Decern. 

5  from  © 
full   D 

da.  24 

ho.  10. 

m\n.  38 
fee-  38 


4   10   18    19 
3  21  42  36 


8     2 
6 

0  55 

927 
9  22 

59     5 

34  41 

5  24  24 

5446 

19   18 


20 


The 


6 

3 

59 

2g 

3 

59 

23 

3 

3? 

23 

26 

3 

25 

54 

9 
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The  fum  of  the  times,  24d  ioh  3$m  38s,  but  be- 
caufe  'tis  leap  year ;  the  mean  time  of  full  moon  is 
Dec.  23d  ioh  3b"1  38% 

2.  For  the  true  time. 

Let  the  time  be  Dec.  23d  ioh  38m.  The  fun's 
longitude  to  that  time 

(by  Prob.  XII.  Seel:.  V.) -is  9     2  57     5 

and  the  moon's  place  (Pr.  X.)  3     6  56  28 

moon  pall  the  fun 
moon  paft  the  fyzigy  or  oppofition 

7  hours  mot. 

51  min.  mot. 

From  Dec.  23d  ioh  38^ 

fubtrad  7    51 

the  oppofition  Dec.  23  2  47,  which  is  very- 
near  the  true  time ;  and  may  be  had  exactly  by  a  fe- 
cond  operation. 

At  this  corrected  time  the  moon's  latitude  is 
only  22/;,  and  therefore  there  will  be  an  eclipfe 
of  the  moon  at  that  time,  which  will  be  a  total  one. 

Note,  this  is  the  mean  time,  which  is  ealily  re- 
duced to  the  apparent. 

PROP.     XII.     Proh. 

5FV  find  the  periods  of  the  new  moons,  when  they 
Jhall  happen  again,,  at  the  fame  time  of  the  year. 

The  moon's  revolution  to  the  fun  is  29d  i2h  44™ 
3s  —  29.5306.  And  the  year  — ;  365^25.  Let  a 
—  number  of  lunations  in  any  time,  y  —  number 
of  years  in  the  fame  time.  Then  that  the  conjunc- 
tions may  fall  on  the  fame  time  of  the  year,  we 
X  3  mult. 
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Fig,  muft  find  a  and^y  fuch,  that  29.53060  zz  365.25  y9 
y        29.5306 
whence  —  zz — 7 — ~~'     Then  all  the  periods  may 

be  found  by  Prob.  IX.  Ch.  IV.  B.  II.  Arithmetic, 

and  will  be  L  =  -L,    1,   -1,   ±,   J2.,    ji?i, 
«        12     25     37     99     235    5974 

502-      6°°57  &c> 

6209'   74273' 

The  revolution  of  the  moon  to  the  apfis,  is 
27^5476,  therefore  i£  x  zz  number  of  thefe  revo- 
lutions, in  the  fame  time,  365.25^  zz  27.547**. 
For  the  apfides  ought  to  be  as  near  as  poflible,  in 
the  fame  fituation,  after  x  revolutions. 

If  we  take  the  numbers  1  and  12  the  periods 
will  differ  by  1 1  days,  12  being  too  little.  If  we 
take  2  and  25,  they  will  differ  by  8  days,  25  being 
too  big.  Then  to  try  3  and  3J,  3  x  365.25  zz 
1095.75,  and  37  X  29.53  zz  1092.63,  and  1095.75 
—  1092.63  —  3d.  1 2  j  here  37  is  too  little,  and  the 
moon  will  be  3d.  12  or  3d  3^  pafl  the  conjunction 

365.25  x  y 
in  3  years.     And     2?>547      =  *  =  3-97>  fo  that 

the  apogee  wants  only  .03  part  of  a  revolution  to 
the  fun,  which  is  .8  days  or  20  hours. 

Again,  for  the  numbers  8  and  99,  365.25  X  8 
-—  29.5306  X  99  zz  —  id-53>  fo  the  moon  wants 
id  i2h4-  of  the  conjunction.  ^And  x  zz  106  rev.  + 
2.07  days. 

Then  for  the  numbers  19  and  235,  365.25  x 
19  —  29.5306  X  235  zz  .059d  or  1  hour,  25  min. 
Therefore  the  moon  is  1  hour,  25  minutes  paftthe 
change.     And  x  zz  252  rev.  wanting  2.09  days. 

Likewife  the  numbers  483  and  5974  being  tri- 
ed ;    365.25X483  —  29.5306X5974  ZZ  —  .0544 

days  zz  1  hour,  18  minutes,  which  the  moon  is 
fliort  of  the  change.  And  x  zz  6404  rev.  -f-  22 
hours,  which  is  very  near. 

And 
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And  thus  the  reft  of  the  periods  may  be  exa-  Fig. 
mined. 

Cor.  1.  The  fame  periods  ferve  for  the  full  moons 
in  any  year. 

Cor.  2.  Hence,  if  the  change  of  the  moon  happens 
on  any  day  of  the  month  ;  then  after  the  fever al  pe* 
riods  of  years,  the  change  will  be  as  follows. 

In 


3  years 

— 

3  d     3h  3om  fooner. 

8  years 

— 

1     12     30   later. 

19  years 

— 

1     25  fooner. 

483  years 

— 

1     18    later. 

502  years 

— 

0     6~fooner. 

Scholium. 

We  here  fuppofe  the  year  to  be  z=  365^  days  •, 
but  as  the  common  year  is  but  $6$  days^  allow- 
ance muft  be  made  for  the  odd  years  above  4*  8,. 
12,  &c.  and  for  leap  year,  if  it  fall  in. 

PROP.     XIII.     Proh. 

To  find  the  mean  time  of  the  moon's  changing,  in 
any  month ;  by  an  old  almanack. 

The  moon's  fyn.  revolution  is 
the  lunar  year  ( 1 2  1.  months) 
common  folar  year 

wants      10   15   12 
and  fo  much  the   moon    changes  fooner  than  in 
the  foregoing  year.     Again, 
twice  the  remainder  — 

fynod.  period         —         — 

almanack  2  years  old,  later 
alfo  thrice  the  remainder 
fynodical  period  — 

an  almanack  three  years  old,,  fooner      2     8  52 

X  4  And- 


29 

12 

44 

354 

8 

48. 

36S 

0 

0 

21 

29 

6 
12 

24 

44 

8 

6 

20 

31 

29 

21 
12 

36 

44 
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And  fo  the  time  fooner  or  later  may  be  found 
for  any  year  after,  by  multiplying  the  yearly  dif- 
ference (10  15  12)  by  the  number  of  years,  and 
finding  how  much  the  product  falls  fhort  or  ex- 
ceeds the  fynodic  revolution,  or  its  double  or  tri- 
ple, &c.   hence  by  an  almanack  of 

1  year   old,  the  change  is  fooner         iod  ip>h 

2  years  old,  later  —  8       6 

3  years  old,  fooner         —         —  2       9 

4  years  old,  fooner         —         —        13      o. 
Sec. 

But  if  a  leap  year  for  an  intercalary  day)  falls 
within  the  time,  the  change  will  be  a  day  fooner* 
And  if  feveral  fall  in,  it  will  be  fo  many  days 
fooner. 

Note,  by  reafon  of  the  irregular  motion  of  the 
moon,  the  change  will  often  happen  feveral  hours 
fooner  or  later,  than  by  this  rule. 

Otherwife. 

Amongft  a  number  of  old  almanacks,  pick  out 
one  that  is  19  years  older.  Then  the  time  of  the 
change  in  the  old  almanack  is  nearly  the  fame  as  in 
the  new  one. 

For  19  years  r:  19  X  365*  =  &939t  days. 
And  235  lunations  zr  235  X  29.5306  —  6939.72. 
So  that  the  days  nearly  coincide. 

But  the  pofition  of  the  apogee  diflurbs  this  mo- 
tion fo  much  as  to  make  the  time  alfo  to  differ  for 
feveral  hours.    So  that  thefe  are  no  more  than  fome 
eafy  approximations.  See  the  laft  Prop. 
Scholium. 

Many  other  Problems  relating  to  the  fun  and 
moon  may  be  propofed ;  as  if  it  was  required  to 
find  the  time  of  the  moon's  fouthing  on  any  day. 

From  the  table  of  the  moon's  mean  motion  from 
the  fun,  take  out  the  numbers  for  the  year,  month, 
and  day  i   which  being  added  together,    gives  the 

moon's 
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moon's  diftance  from  the  fun.  Then  fay  as  12 
fio-ns  :  to  24  hours,  or  as  1  to  2  :  :  fo  the  moon's 
diftance  from  the  fun,  to  the  time  of  fouthing. 

But  this  not  being  exact  enough,  find  the  places 
of  the  fun  and  moon  to  that  time  •,  and  from  thence 
their  right  afcenfions  in  time,  and  the  difference 
thereof  fhews  how  far  the  moon  is  before  the  fun  in 
hours  -,  and  confequently  how  much  fhe  wants  or 
is  paft  the  fouthing.  This  kit  quantity  is  to  be 
increafed  by  as  much  as  the  moon  gains  of  the  fun 
in  that  time  ;  and  then  added  or  fubtracted  to  or 
from  the  hour  of  the  day,    as  the  cafe  requires. 

There  is  more  trouble  ftill  in  finding  her  ri- 
fing  and  fetting.  For  her  chance  of  right  afcen- 
fion  and  of  declination  muft  be  confidered  ;  fo  as 
to  agree  with  the  oblique  afcenfion  and  defcenfion. 

PROP.     XIV. 

tf he  motions  of  the  faiellit.es  of  any  planet,  arefi- 
fnilar  to  thofe  of  the  moon^  and  may  be  known  thereby. 

For  the  fatellites  do  all  move  round  their  primary 
planets,  like  as  the  moon  revolves  about  the  earth, 
which  is  the  earth's  fatellite.  Each  of  thefe  fatel* 
lites,  in  the  part  of  their  orbits  next  the  fun,  be- 
ing nearer  the  fun,  are  for  that  reafon,  difturbed 
in  their  motions,  juft  as  the  moon  is  by  the  like 
caule.  From  hence  ariie  the  like  motions  as  in  the 
moon,  fuch  as  the  progreffive  motion  of  the  ap- 
iides,  and  the  regreffion  of  the  nodes,  of  the  fa-, 
tellites.  But  the  forces  that  produce  thefe  motions 
depend  upon  the  diftances  of  the  fun  from  the  pla- 
net, and  of  the  planet  from  the  fatellite  •,  or  upon 
their  periodic  times.  And  therefore  the  motions  of 
the  fatellites,  may  be  deduced  from  the  motions  of 
the  moon,  which  are  analogous  to  them.  And 
therefore  as  we  know  the  motions  of  the  moon, 
and  all  her  irregularities,  we  can  compute  the  quan- 
tities 
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tities  of  thefe  motions  and  irregularities,   in  any  of 
the  fateliites.     Hence, 

Cor.  i.  The  mean  motion  of  the  nodes  or  apfides  of 
any  fatellite,  is  to  the  mean  motion  of  the  nodes  or  ap- 
fides of  the  moon  -,  as  the  periodic  time  of  the  fatel- 
lite, divided  by  the  fquare  of  the  periodic  time  of  its 
planet ;  to  the  moon's  periodic  time,  divided  by  the 
fquare  of  the  earth's  periodic  time. 

This  appears  by  Cor.  3.  Prop.  XXVIII.  Centrip. 
Forces.  For  thefe  angular  errors  are  as  the  per. 
times  of  the  fateliites,  directly,  and  the  fquares  of 
the  period,  times  of  the  planets  reciprocally.  And 
therefore, 

Cor.  1.  In  the  fame  planet,  the  mean  motions  of 
the  nodes  and  apfides^  are  as  the  periodical  times  of 
the  fateliites. 

Cor.  3 .  The  mean  motion  of  the  nodes  of  any  fat  el- 
lite,  is  to  the  motion  of  its  apfides  ;  as  the  motion  of 
the  moon's  nodes,  to  the  motion  of  her  apogee. 

Cor.  4.  The  variation  of  any  fatellite,  is  to  the 
moon's  variation  ;  as  the  fquare  of  the  periodic  time 
of  the  fatellite,  divided  by  the  fquare  of  the  periodic 
time  of  the  planet  -,  to  the  fquare  of  the  moon's  periodic 
time,  divided  by  the  fquare  of  the  earth's  periodic  time  ; 
or  as  the  motion  of  the  fateliites  nodes  in  its  time  of 
revolution,  to  the  motion  of  the  moon's  nodes  in  her 
time  of  revolution. 

For  (by  Cor.  6,  ib.  Cent.  Forces),  the  angular 
errors  in  the  whole  revolutions,  are  as  the  fquares 
of  the  per.  times  of  the  fatelhtes,  divided  by  the 
fquares  of  the  per.  times  of  their  primary  planets. 

Cor.  5.  The  greateft  equations  in  a  fatellite  And 
the  moon,  are  as  the  motions  in  the  times  of  their  re- 
volutions. 

Cor. 
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Cor.  6.  In  the  inmojl  fatellite  of  Jupiter,  the  node 
recedes  5  3'  in   1 00  years  •,   and  the  variation  is  infen- 
Jible  being  only  about  half  a  fecond.      And  the  apogee 
advances  about  1^  minute  in  a  hundred  years. 

PROP.     XV. 

'The  moon's  libration  arifes  from  her  equal  diurnal 
motion,  and  her  unequal  menjlrual  motion. 

The  libration  of  the  moon  is  that  motion,  fhe 
feems  to  have,  of  turning  round  her  axis  for  a  fmall 
fpace,  in  one  part  of  her  revolution ;  and  return- 
ing back,  in  another  part.  By  this  means  Ihe  mows 
fome  part  of  her  furface  on  the  eaftern  fide,  which 
was  invifible  before  •,  and  afterwards  fome  part  of 
her  weftern  fide,  appears,  with  the  fpots  therein, 
and  then  difappears  j  and  this  by  an  alternate  mo- 
tion. 

Since  the  moon  move*-uniformly  round  her  axis 
in  a  month,  fhe  will  always  turn  the  fame  face  to- 
wards the  upper  focus  of  her  orbit,  fince  the  an- 
gles defcribed  about  the  upper  focus  are  nearly  as 
the  times,  in  orbits  not  very  excentric,  by  Schol. 
Prop.  II.  Seel:.  V.  Therefore  it  is  evident,  that 
any  perfon  placed  there  would  always  fee  the  fame 
face  of  the  moon  ;  and  confequently  a  perfon  placed 
at  the  earth,  cannot  always  fee  the  fame  face, 
but  will  fometimes  fee  more  of  one  fide,  and  fome- 
times  more  of  the  other,  according  to  her  different 
fituations  in  her  orbit.  And  that  increaie  of  furface 
will  be  equal  to  the  equation  of  the  center :  and 
this  is  her  libration  in  longitude.  Her  libration  in 
latitude  arifes  from  her  latitude,  and  the  inclina- 
tion of  her  axis  of  rotation  to  the  plane  of  the  e- 
cliptic. 

Cor.  The- moon  mufi  nearly,  always  turn  the  fame 

face 
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Fig  face  towards  the  earthy  and  that  pqfition  cannot  be 
altered.     Setting  afide,  her  libration. 

This  appears  by  XXIX  Centrip.  Forces.  For 
if  any  caufe,  as  her  libration  fhould  put  her  into  a 
different  pofition  ;  fhe  will  be  gradually  drawn 
back,  by  the  earth's  attraction  j  till  fhe  recovers 
the  fame  again. 

PROP.    XVI. 

In  every  lunation,  when  the  moon  is  about  the  equi- 
noctial,  advancing  northward -,  Jhe  rifes  for  fever al . 
nights  about  the  fame  time,  in  great  latitudes. 

108.  Let  PHQO  be  the  prime  vertical,  HO  the  ho- 
rizon, EQ  the  equinoctial,  P  the  pole,  DBL  a  pa- 
rallel of  declination,  PBA/>  a  meridian.  Suppofe 
the  moon  be  at  C  any  night,  and  at  B  the  follow- 
ing night.  Now  it  is  plain,  if  the  moon  has  gain- 
ed as  much  time  by  her  increafe  of  latitude  AB, 
as  me  has  loft  in  her  diurnal  motion,  CA  ;  then  fhe 
will  rife  precifely  at  the  fame  hour.  But  this  can- 
not be  except  fhe  be  then  in  the  horizon  at  B  ; 
and  therefore  at  the  time  of  rifing,  B  is  both  in  the 
horizen  and  ecliptic  ;  therefore  the  comp.  of  the  lat. 
is  equal  to  the  angle  of  the  equinoctial  and  ecliptic  zz 
23^.  And  the  lat.  —  664:,  where  the  moon,  about  the 
equinoctial,  riles  2  fucceeding  nights  at  the  fame 
hour.  And  it  will  do  this  with  little  variation  for 
fevcral  nights. 

Cor.  1 .  When  the  moon  is  at  the  full,  about  the 
equinox  in  September  ;  fhe  then  rifes  for  fever  al  nights 
'•"'     together  about  fun  fet.     So  that  her  light  is  of  great 
ufe  at  this  time.  And  this  is  the  original  of  the  Har- 
vest and  Hunters  Moons. 

For  being  at  the  full  fhe  is  oppofite  to  the  fun, 
and  therefore  rifes  at  fun  let.     And  being  near  the 

equinox* 
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equinox,  it  will  happen  in  September  or  October.  Fig. 
And  thus  fhe  gives  the  greateft  quantity  of  light,  io8. 
at  the  moll  proper  time  of  the  night ;    and  at  the 
moft  proper  feafon  of   the  year  too,  for  the  huf- 
bandman  to  gather  his  crops. 

Cor.  2.  But  at  other  times  of  the  year,  Jhe  eithef 
rlfes  after  this  manner,  foon  in  the  day,  or  late  in  the- 
night ;  and  therefore  her  light  is  weaker,  and  therefore 
floe  is  now  not  fo  ufeful. 

For  at  other  times  of  the  year,  me  has  a  differ- 
ent afpect  with  the  fun,  and  therefore  has  lefs  light. 
And  eonfequently  cannot  rife  when  he  fets,  buB 
will  rife  either  in  the  day  time,  or  in  the  night. 

Cor.  3.  The  greater  the  latitude  of  the  place,  the 
longer  the  moon  continues  to  rife  at  the  fame  time. 

For  the  greater  her  latitude,  the  more  fhe  rifes 
above  the  horizon,  by  her  increafe  of  declination  ; 
and  lefs  in  the  leffer  latitudes.  And  under  the  &- 
quinoctial  Ihe  gains  nothing  by  her  increafe  of  de<- 
clination ;  and  fo  the  difference  of  the  times  of  ri- 
ling there  is  always  the  fame. 

Cor.  4.  If  the  moon's  afcending  node  be  likewife 
near  the  fame  equinox ;  fhe  will  continue  longer,  to  rife 
at  the  fame  time  of  night. 

For  then  her  increafe  of  latitude  is  ftill  greater. 

Cor.  5.  There  is  likewife  a  time  in  every  lunation '9 
when  the  moon  fets  for  feveral  nights  together,  about 
the  fame  hour  ;  in  great  latitudes.  And  that  is,  when 
Jhe  is  about  the  equinoctial  advancing  fouthward. 

For  by  the  fame  reafoning,  this  will  be  when  fhe 
lofes  as  much  time  by  her  decreafe  of  latitude  (BA), 
as  fhe  gains  by  her  motion  in  right  gfcenfion  (AC). 
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PROP.     XVII.    Pro*. 

1 09.  Having  the  apparent  diftance  of  the  moon  from  a 
ftar  and  their  "zenith  diftances  ;  to  find  their  true  diftance, 
as  jeen  from  the  earth's  center. 

Let  Z  be  the  zenith,  M  the  moon's  apparent 
place,  S  the  liars  apparent  place,  and  MS  their  ap- 
parent diftance  ;  let  m  and  s  be  the  true  places  of 
the  moon  and  ftar,  clear  of  the  parallax  and  re<- 
fraction.  Draw  ZI  perp.  to  MS,  and  from  D  de- 
fcribe  the  fmall  arches  mo,  sp.  Then  Mm  and  Ss 
will  be  known,  made  up  of  the  parallax  and  re- 
fraction ;  and  all  the  fides  of  the  triangle  ZMS  are 
,     given.     Therefore, 

By  Cafe  j  ith  of  oblique  fpherical  triangles,  find 
the  fegments  of  the  bafe  MI  and  SI.     And  take 

tan.  MI  tan.  SI 

Mo  zz  7 tt^  X  Mm,  and  Sp  zz ^  x  Sj. 

tan.  MZ  r         tan.  SZ 

Then  the  true  diftance  mS  zz  MS  —  Mo  +  Sp. 

Note,  if  the  angle  M  or  S  be  obtufe  (which  is 
known  by  the  falling  of  the  perpendicular  Zl),  take 
+  Mo,  or  —  Sp. 

For  in  the  right  angled  fpherical  triangle  ZIM, 
(by  Cafe  4.)  tan.  MZ  :  rad  :  :  tan.  MI  :  cof.  M  =: 
tan.  MI 

MZ  *  rac*'     ^"nc*  *n  t^ie  *"ma^  r*gkt  angled 
triangle  Mmo,  which  may  pafs  for  a  plain  triangle, 

/tan.  MI  \ 

rad  :  Mm  :  :  cof.  M  (tan  M~z  *  radJ    :  M*    — 

tan.  MI 

jyr~  X  Mm.     And  by  the  fame  way  of  rea- 

tan.  SI 

foning,  Sp  zz  - "77  X  S.v.    Now  fmce  the  arches 

&'    *        tan.  oZ 

"Mm,  Ss  are  exceeding  fmall,  the  arch  Tim  will  be 

equal  to  Do,  or  DM  —  Mo ;  and  the   arch  Ds 

equal 
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equal  to  Dp  or  DS  +  Sp.  Therefore  the  fum  "Dm  Fig. 
4-  Ds  =  DM  —  Mo  +  DS  +  S^ ;  that  is,  the  105. 
whole  otj  =  MS  —  Mo  +  Sp. 

Example, 

CMS  =  5 6°  17'  44"  moon's  parallax  2&  18"; 
Le|<ZM  =  25  22     o         refraction     —  27 
I ZS    =  36  47     o  25  51 

or  M»   z:  ^1551^ 

Then,  {tar's  refraction 

Sj  —  41 


Tan.  'MS.        .28     8  52 

ZS  +ZM 
tan. - 31     4  30 

9.7283719 
9.7800606 

ZS  —  ZM           ,      '  „ 

tan.                  .     5  42  30 
2 

8.9998270 

tan.Q.      *'--.  6  25  27, 

18.779S876 

SI  =  34  34  19 
MI  =  2 1  43  25. 

Then, 

Tan.  MZ.      25  22            9.' 

tan.  ML       21  43            9. 

Mm,      1 55 1              3. 

675S903 
6001943 
7906118 

12.7908061 
M0  p  1303"  =  2i/43//      3. 1 149 1 58 


Again, 


Again, 
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Fig. 
109. 

Tan.  SZ.      36.47         9-s73^937 

tan.  SI.        34134         9.8382164 

Ss.        41  1.6127838 

S?  =  38" 


1 1. 

4510002 

—  —    — 

1. 

5773065 

0 

/ 

it 

MS  z 

=  56 

l7 

44 

—  Mo  : 

-  — 

21 

43 

55 

56 

01 

+  S/>     : 

+ 

38 

ms    zz  55  56  39. 
the  true  diftance. 

Scholium. 

The  point  m  is  always  above  M,  becaufe  the 
moon's  parallax  is  always  greater  than  the  refrac- 
tion. And  the  points  s  is  always  below  S,  becaufe 
a  ftar  has  no  parallax. 

PROP.     XVIII.     Prob. 
To  find  the  quantity  of  matter  in  the  moon* 

110.  Since  (by  Prob.  XVIII.  Se&.  IV.)  the  moon's 
mean  diftance  TL  is  60.3  of  the  earth's  radii,  or 
30.15  diameters  j  and  her  mean  apparent  diameter 
2AL  is  found  to  be  3 1'  16".  Therefore  it  will  be, 
as  rad  :  S.31'  16"  :  :  30. 15  :  moon's  real  diameter 
iz.2742,  the  earth's  diameter  being  one.  For 
>ad  :  TL  :  :  S.LTA  :  LA  :  :  S.2LTA  :  2LA. 

Then  (by  Cor.  5.  Prop.  XXVII.  Cent.  Forces) 
the  fun's  force  is  to  the  moon's  force  j  as  1  to  4.46. 
And  (by  Cor.  6.  ib.)  thefe  forces  are  as  DF7  and 
Spy ;  putting  D,  d  for  the  denfities,  and  F,  /  for 
the  apparent  diameters,  where  y  is  given,  being  the 

fame 
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fame  in  both.    Whence  we  have  i  :  4.46  :  :  PF*  :  Fig. 
dp  =  4.46  x  DE»,   therefore  d  =  ^6  2  DF'.    I09' 

Where  F,  the  fun's  apparent  diameter,  is  32'  12"; 

and  D  his  denfity,    100.     Whence  d  =  487  the 

moon's  denfity. 

The  quantities  of  matter  are  as  the  denfities,  and 

cubes  of  the  diameters.      And  the  earth's  denfity 

(by  Cor.  2.  Prop.  XXIV.  Sect.  V.;  is  393,  and  his 

diameter  1.     Therefore  393  X  i?  :  487  x  .274'  :  : 

quantity  of  matter  in  the  earth  :  quantity  of  mat- 

u  4S7X-2745  ,-    , 

ter  in  the   moon    zz   ^  7     — i-I_  —  .055  of  the 

393 
earth's  matter.     Therefore  the  quantity  of  matter 

in  the  moon,  to  that  in  the  earth  •,  is  as  1  to  39.2. 

Cor.  1.  The  diameters  of  the  moon  and  earthy  are 
as  1  to  3 .  64. 

Cor.  2.  The  denfity  of  the  moon,  to  that  of  the 
earth-,  is  as  1.23  to  1. 

Cor.  3.  The  weight  of  bodies  at  the  moon,  to  their 
weight  at  the  earth ;  is  as  1  to  3  nearly. 

For  (by  Cor.  3.  Prop.  24.  Sect.  V.)  the  weight 
is  as  the  denfity  and  diameter  •,  which,  in  the  moon 
and  earth,  will  be  as  1.23  x  i>  to  1  x  3«^4J  or 
as  1   to  2.96. 

PROP.     XIX.  ' 

The  ferturhating  forces  of  the  planets,  upon  the 
moon,  are  exceeding  fmall,  and  their  effecls  infenfible.    . 

For  (by  Cor.  6.  Prop.  XXVII.  Cent.  Forces)  the 

perturbating  force  of  any  of  thefe  bodies,  is  as  the 
denfity  and  the  cube  of  its  apparent  diameter. 
Now  when  Venus  is  neareft  the  earth,  her  appa- 
rent diameter  is  70'^   and  her  denfity  being  un- 

Y  knowns 
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Fig.  known,  we  may  fuppofe  it  fomething  greater  than 
that  of  the  earth  which  is  393,  the  fun's  being  100. 
Suppofe  it  is  to  the  earth's,  reciprocally  as  its  dif- 
tance  from  the  fun  Then  the  denfity  of  Venus 
will  be  560.  And  the  fun's  mean  apparent  dia- 
meter is  1932.  Therefore  the  perturbating  force 
of  the  fun,  is  to  that  of  Venus-,  as  100  X  1932s 
to  560  x  70' ;  that  is,  as  2754  m  1.  Now  among 
the  moon's  equations  take  the  greateft  of  any  of 
them,  and  it  will  appear  how  fmall  a  fhare  this  has 
in  it.  Suppofe  the  greateft  equation  of  the  annual 
argument  (or  the  fun's  diftance  from  the  apogee) 
be  5  degrees  or  18000  leconds,  the  fhare  of  Venus 
in  this,  is  but  the  2754th  part  of  it,  which  a- 
mounts  only  to  6  feconds  •,  lo  fmall  a  quantity  as 
not  to  be  difcovered  by  any  obfervations.  And 
in  the  moon's  variation,  it  would  not  amount  to  a 
fingle  fecond. 

Then  for  Jupiter.  His  denfity  is  94,  and  his  ap- 
parent diameter  when  neareft  the  earth,  46" ; 
therefore  the  fun's  perturbating  force,  to  that  of 
Jupiter,  is  as  100  x  193 ±l  to  94  X  46'  •,  that  is,  as 
78820  to  1,  which  is  28  times  lefs  than  Venus's 
perturbating  force.  And  Saturn's  is  far  lefs  ftill.  So 
that  their  forces  produce  no  fenfible  effecl:  in  the 
moon's  motion. 

Cor.  Hence  all  the  vifible  effecls  relating  to  the  moon's 
irregular  motions,  are  owing  entirely  to  the  perturba- 
ting force  of  the  fun  ;  and  that  of  the  planets  muft  be 
quite  left  out  of  the  account. 

Scholium. 

Altho'  all  the  errors  in  the  moon's  motion  are  to 
be  attributed  folely  to  the  action  of  the  fun ;  yet 
the  motions  produced  thereby  are  fo  various  and  fo 
combined  with  one  another,  that  it  is  hardly  pof- 
fibie  to  affign   to  them  ail9    their   due  quantities. 

From 
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From  whence  it  muft  follow,  that  any  fet  of  tables,  Fig. 
made  upon  any  fuppofed  quantities  of  thefe  mo- 
tions, tho'  they  may  aniwer  for  the  prefent,  will 
deviate  in  a  certain  number  of  years  and  be  wide 
of  the  truth.  And  it  cannot  be  otherwife,  fince 
the  equations  are  fo  many  and  fo  varioufly  mixt. 
For  feveral  of  them  being  given  together  by  lump, 
the  afiigning  to  them  their  due  proportions  depends 
more  upon  judgment  than  theory.  For  all  thefe 
equations  depend  upon  the  original  proje£tion  of 
the  moon  which  we  do  not  know.  And  therefore 
aftronomers  are  forced  to  do  as  well  as  they  can,  in 
a  caie  where  they  want  proper  data ;  and  that  is, 
by  trying  one  fet  of  equations  after  another,  by  in- 
creafing  fome  and  lefTening  others,  or  adding  new 
ones,  till  they  agree  to  obfervations ;  which  can- 
not hold  true  long  upon  fuch  a  foundation.  From 
hence  I  think,  one  may  conclude,  that  no  fet  of 
lunar  tables  can  ever  be  made,  that  will  fhew  the 
moon's  place  to  a  minute,  nor  perhaps  to  two  or 
three,  fo  as  to  be  depended  on  at  all  times. 

As  to  the  acceleration  of  the  moon's  motion,  if 
there  be  fuch  a  thing,  it  can  arife  from  nothing  but 
the  wafting  of  the  fun,  by  its  continual  emiffion  of 
fo  much  light.  For  if  light  is  a  body,  which  has 
a  gravitating  property  like  other  bodies  (as  its  re- 
fraction fhews) ;  then  the  fun's  force  will  be  leffen-  - 
ed  by  the  lcfs  of  fo  much  matter ;  which  will  caufe 
the  earth  to  recede  further  from  the  fun,  and  by 
that  means  fhorten  the  periodical  time  of  the  moon. 
Whether  the  earth  does  really  recede  further  from 
the  fun,  or  not,  may  perhaps  be  known  by  com- 
paring the  fun's  greateft  or  lead  apparent  diameter, 
obferved  many  ages  fince,  with  the  prefent.  For 
I  can  fee  no  reafon  for  the  acceflion  of  new  matter 
to  the  earth,  to  increafe  its  centripetal  force,  and  fo  , 
ihorten  the  periodic  time  of  the  moon.  But  if  the 
wafting  of  the  fun  be  the  caufe,  it  will  Ukewife- 
Y  2  lengthen 
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Fig.  lengthen  the  periodic  time  of  the  earth,  as  well  as 
leffen  that  of  the  moon  ->  whilft  the  quantity  of 
matter  in  the  earth,  and  its  diurnal  rotation  remains 
unaltered.  And  then  the  effect  of  both  thefe  toge- 
ther, will  be  very  vifible  in  a  long  feries  of  years. 

PROP.     XX.      Prob. 

To  find  the  errors  in  the  motion  of  a  fatellite,  par- 
ticularly in  the  firfi  fatellite  of  Jupiter, 

Let    D  per.  time  zz  mzz    $55-73  hours. 
i  fatel.  per.  time  —  \s  zz      42.47  hours, 
earth's  per.  time  zz  y  zz    %€>5.i5  days. 
%  period,  time  —  2  zz  4332.5    days. 
Then  (by  Cor.  6.  Prop.  XXVI11.  Cent.  Forces), 
the  mean  angular  errors  in  the  fatellite  and  moon, 

s        m 

are  as  —  to  —    And  the  periodic  errors  in  the  fa- 
zz       yy  r 

ss       mm 

tellite,  and  the  moon,  are  as  —  to Therefore 

'  '  zz       yy 

the  mean  angular  error  in  the  fatellite,  to  the  mean 

mzz 
angular  error  in  the  moon  •,  is  as  1  to ' 

&  Syy 

And  the  periodic  error  in  the  fatellite,  is  to  the 

■'..".  .  mmzz 

periodic  error  in  the  moon  ;  as  1  to • 

-x  ssyy 

Cor.  1 .  In  the  firfi;  fatellite  of  Jupiter,  the  mean 
angular  error  in  the  fatellite,  is  to  the  mean  angular 
error  in  the  moon  ;  as  1  to  2172. 

And  the  periodic  error  in  the  fatellite,  is  to  the  pe- 
riodic error  in  the  moon  ;  as  1  /0  33541. 

Cor.  2.  The  motion  of  the  nodes  of  Jupiter *s  lft 
fatellite  is  534-  mm.  in  ioo years  ;  and  of  the  apogee 
25  min.  in  the  fame  time, 

For 
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For  the  motion  of  the  moon's  nodes  in  a  year  Fig. 

1934 
is,  i9°.34,and—    =  .89°   =  $&.     Alfo  the 

motion   of   the   apogee  in  a  year  is   9°.20,    and 

920  . 

—  .422°  —  25', 

2172         ^  °  J 

Cor.  3.  All  the  equations  of  Jupiter rs  jirjl„  faLel- 
lite,  as  of  the  node,  apogee,  variation,  &c.  generat- 
ed in  its  periodical  time,  are  infenfible  and  vanifh. 

The  greateft  equation  is  that  of  the  annual  argu- 

18000 

ment,  which  fuppofe  £°  =  1.8000"*     Then 

*  rr       °  33541 

6 
zz  — -  nearly,  being  little  more  than  half  a  fecond.. 

And  therefore  the  leffer  ones  quite  vanifh, 
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SECT.      VIL 

"The  Eclipfes  of  the  Sun  and  moon,  and 
of  'Jupiter  s  firfl  Satellite, 

■  "■    .1         *  i  .  ii        i  I  '■■■,!»  ■  . 

P  R  O  B.     I. 

Fig.      To  find  all  the  requifites  relating  to  the  Jhadow  and 
penumbra  in  an  eclipfe  of  the  moon, 

tiu     Let  AB  be  the  fun,    CD  the  earth.     Draw  AC, 
BD,  by  the  edges  of  the  fun  and  earth,  which  will 
meet  in  a  point  V,    becaufe  the  fun  is  bigger  than 
the  earth.    Thro'  the  centers  of  the  fun  and  earth 
S  and  T,    draw  STV.      Alfo  draw  BCE,    ADF, 
touching  the  contrary  fides  of   the  fun  and  earth, 
interfering  in  P  ;    alfo  draw  SC  and  CT.     Then 
the  figure  ACEFDB  contains  all  the  requifites  ;  and 
all  of   them  will  be  known,    by  folving  fo  many 
plain  triangles.     And  if  the  whole  figure  be  turn- 
ed round,    about  the  axis  SV,    the  lines  AV,  BV, 
APF,    EPE,    will  generate  the  two  cones  CVD, 
EPF-,    the  cone   CVD  is  the   dark  fhadow  of  the 
earth,  and  EPF  infinitely  continued,  is  the  penum- 
bra! cone.     And  beyond  V,  the  fection  of  the  cone 
EPF,  will  be  all  in  the  penumbra. 

Cor.  i .  Half  the  angle  of  the  cone  of  the  earth's 
Jhadow  CVT,  is  equal  to  the  fun's  apparent  femidia- 
rneter^  lefs  his  horizontal  parallax. 

For  in  the  triangle  SCV,  the  external  angle  SCA 
z=  CVS  +  CST.  And  CST  is  the  fun's  parallax. 
Therefore  CVT  =  SCA  —  CST, 

Cor. 
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Cor.  2.  Half  the  angle  of  the  earth's  penumbralY\g. 
cone  CPT,  is  equal  to  the  fun's  apparent  femidiameter  1 1 1. 
and  his  horizontal  parallax. 

For  in  the  triangle  CSP,  the  external  angle  CPT 
a:  PCS  +  CST. 

Cor.  3.  Hi  nee,  half  the  angle  of  the  earth's  pe- 
numbral  cone  CPT,  is  equal  to  half  the  angle  of  the 
dark  cone  CVT  +  twice  the  fun's  horizontal  parallax 
CST. 

Cor.  4.  The  apparent  femidiameter  of  the  earth's 
dark  jhadow  IK,  upon  the  moon's  orbit,  is  equal  to  the 
fum  of  the  horizontal  parallaxes  of  the  fun  and  moon, 
lefs  the  fun's  apparent  femidiameter. 

For  angle  VCI  —  CIT  —  CVI  =  (Cor.  1.) 
CIT  —  SCA  +  CST. 

Cor.  5.  The  apparent  femidiameter  of  the  earth's 
penumbra  GI,  upon  the  moon's  orbit,  is  equal  to  the  fum 
of  the  horizontal  parallaxes  of  the  fun  and  moon  -j-  the 
fun's  apparent  femidiameter. 

For  in  the  triangle  PCI,  the  external  angle  ECI 
=  CIT  4  CPT  =  (Cor.  2.)  CIT  +  PCS  -f  CST. 

Cor.  6.  Hence  to  find  the  length  TV  of  the  earth's. 
fhadow.     In  the  triangle  CTV  there  is  given  the  angle 

V  {Cor.  1.)  —fun's  apparent  femidiameter  —  his  pa- 
rallax, and  CT  the  earth's  radius,  to  find  TV. 

P  R  O  B.      II. 

To  find  all  the  requifttes  belonging  to  the  floadow  and, 
penumbra,  in  a  folar  eclipfe. 

Let  AB  be  the  fun,   KL  the  moon,    CD   the  1 1 2, 
earth.     Draw  the  tangents  AK,  B&,  by  the  edges 
of  the  fun  and  moon,  on  the  fame  fide,  to  meet  in 

V  •,    and  BKG,    ALH  to  touch  the  contrary  fides. 
Draw  SK5  IK ;    and  thro'  S   and  I  the  centers  of 

Y  4  the 
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Fig.  the  fun  and  moon,  draw  the  axis  SIV.  Then  if 
1 1 2.  the  whole  figure  AKVLB  be  turned  about  the  axis 
SV,  the  fides  AV,  BY,  and  PH,  PG,  will  gene- 
rate two  cones  KVL,  GPH.  The  cone  KVL  is 
the  dark  fhadow  of  the  moon,  and  the  cone  GPH 
is  the  moon's  penumbral  cone.  Then  in  the  figure 
AKGVHLB  are  contained  all  the  requifites  ;  which 
will  be  found,  by  folving  the  feveral  plain  tri- 
angles therein. 

Cor.  i.  The  angle  of  the  cone  of  the  moon' 's  fhadow 
KVL,  the  angle  of  the  -penumbral  cone  KPL,  the  an- 
gles GKV,  and  HLV,  are  each  equal  to  the  fun's  ap- 
parent diameter  AKB,  very  near  \  and  half  the  an^le 
of  either  cone  P  or  V,  is  equal  to  the  fun's  apparent 
femidiameter. 

For  by  reafon  of  the  great  diftance  of  the  fun 
from  T,  in  refpecl  of  TP,  TV,  TI ;  the  apparent 
diameter  of  the  fun,  feen  from  any  of  the  places 
V,  T,  I,  P,  K,  will  be  the  fame  •,  that  is,  the  an- 
gles AVB  or  KVL,  APB  or  KPL,  AKB  or  GKV, 
ALB  or  VLH,  are  all  equal ;  differing  only  by  the 
angle  KSI,  which  in  the  moon  is  infenfible. 

Cor.  2.  The  height  cf  the  cone  IP  is  equal  to  the 
height  of  the  cone  VI.  And  KPL,  KVL,  are  equal 
end  fimilar. 

For  the  angles  at  P  and  V  are  equal  j  and  KL  is 
common. 

Cor.  3 .  The  apparent  femidiameter  cf  the  moon's 
dark  fhadow  QO,  upon  the  earth  at  O,  feen  from  the 
moon,  is  equal  to  the  moon's  apparent  femidiameter 
—  the  fun's  apparent  femidiameter.  And  if  the  fun's 
ap.  femidiameter  be  greater,  the  fhadow  does  not  reach 
the  earth. 

For  draw  KO  •,  then  in  the  triangle  KOV,  VKO 
=  KOS  —  KVS  =  KOI  —  AVS  =  KOI  —  1  fun's 
sp.  diameter  (by  Cor.  i.) 

Cor. 
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Cor.  4.  The  apparent  femidiameter  of  the  moon's  Fig* 
penumbra  GO,  upon  the  fur/ace  of  the  earth,  as  feen  112* 
from  the  moon,  is  equal  to  the  fum  of  the  apparent 
femidiameters  of  the  fun  and  moon. 

Draw  G\  and  TGR.  Then  in  the  triangle  GPI, 
the  external  angle  GIO  =  GPI  +  PGI  zz  KPI  + 
KGI  =  KPI  +  KOI  =  (Cor.  1.)  AKS  +  KOI. 

Cor.  5.  Hence  to  find  the  length  IV  of  the  moon's 
fhadow.  In  the  triangle  KV1,  there  is  given  the  angle 
KVI  zz  half  the  fun' s  apparent  diameter,  and  KI  the 
earth's  radius  -,  whence  VI  will  be  had. 

Cor.  6.  And  to  find -the  arch  QN  of  the  earth,  in- 
volved in  the  moon's  dark  fhadow.  In  the  triangle 
QVT,  we  have  given  TV  the  difference  between  the 
moon's  diftance  from  the  earth,  and  the  height  of  the 
fhadow ;  and  the  angle  QVO  zz  the  fun's  ap.  femi- 
diameter {Cor.  1.),  and  TQ  the  radius  of  the  earth  ; 
to  find  the  angle  TQV,  to  which  add  QVT,  and 
the  fum  is  the  angle  QTO  or  arch  QO ;  and  doubled 
gives  the  whole  arch  QN. 

Cor.  7.  And  to  find  the  arch  of  the  earth  GH  in- 
volved in  the  penumbra.  Say  as  the  earth's  radius 
GT  :  to  S.  fun's  ap.  femidiameter  :  :  fo  is  PT  the 
fum  of  the  moon's  diftance  and  cone's  height :  to  S.TGP 
or  RGK.  From  this  take  the  fun's  ap.  femi  diameter^ 
and  there  remains  QTO  zz  GO,  and  doubled  gives  GH. 

For  in  the  triangle  GPT,  there  is  given  the  an- 
gle P  zz  the  fun's  ap.  femidiameter,  and  PT  the 
moon's  diftance  and  height  of  the  cone,  and  TG 
the  earth's  radius ;  to  find  the  angle  RGK  zz  GPT 
-f-  PTG,  Therefore  PTG  or  OTG  zz  RGK  — 
GPT  zz  RGK  —  fun's  ap.  femidiameter. 


PR  OB. 


S3o  ECLIPSES. 

Fig. 

P  R  O  B.     III. 

113.      J*  fin&  the  ecliptic  limit s,  or  the  dijlance  from  the 
node  -,  when  an  eclipfe  of  the  fun  or  moon  will  happen. 

It  is  evident  an  eclipfe  of  the  moon  can  only  hap- 
pen, when  the  diftance  of  the  centers  of  the  moon, 
and  of  the  earth's  penumbra,  is  lefs  than  the  fum 
of  their  femidiameters.  l^or  if  the  diftance  is  great- 
er, the  moon  and  penumbra  cannot  touch  one  a- 
nother. 

Alio  an  eclipfe  of  the  fun  cannot  happen,  unlefs 
the  diftance  of  the  centers  of  the  fun  and  moon, 
be  lefs  than  the  fum  of  their  femidiameters  •,  when 
feen  from  a  certain  place.  But  that  it  fhall  ap- 
pear in  no  place,  the  moon's  parallax  muft  be 
added  to  the  fum  of  the  femidiameters. 

Therefore  in  lunar  eclipfes,  the  moon's  latitude 
muft  be  lefs  than  the  fum  of  the  femidiameters  of 
the  moon  and  of  the  earth's  penumbral  fhadow, 
taken  at  the  moon's  orbit.  And  in  eclipfes  of  the 
fun,  the  moon's  latitude  muft  be  lefs  than  the  fum 
of  the  fun's  and  moon's  femidiameters,  added  to 
the  moon's  horizontal  parallax  ;  that  the  eclipfe 
may  be  vifible  fome  way.  Or  without  the  paral- 
lax, to  be  vifible  in  a  certain  place. 

Therefore  in  the  right  angled  fpherical  triangle 
8  SM,  having  the  angle  Q  ,  and  the  diftance  SM, 
■  the  diftance  of  the  fun  from  the  node  S3  S  will  be 
known,  or  the  ecliptic  limits. 

Here  SM  (the  fum  of  the  femidiameters)  will  be 
known  by  the  two  former  Props.  But  fince  all  the 
quantities  here  concerned  vary  at  different  times, 
all  which  muft  be  found  agreeable  to  a  particular 
time  given.  I  ftiall  therefore  calculate  the  ecliptic 
limits,  correfponding  to  all  their  mean  quantities. 

The 
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The  fun's  mean  ap.  femidiameter  16     4      113. 
his  parallax             —         —         —  iz 

moon's  mean  ap.  femidiameter  15  38 

her  parallax         —         —         —  57     5 
Inclination  of  her  orbit     —     —     5     8  30 

Hence  will  be  had, 
femidiameter  of  earth's  penumbra      1    13  21 
femid.  moon  and  earth's  fhadows  56  51 

fun  and  moon's  femidiam.     —     —       3 1  42 
the  fame  with  the  parallax     —     ■—  1   28  47 

In  the  triangle  £3  SM  for  the  moon's  eclipfe. 

Here  SM  =  i°  13'  21"  +  15' 38"  ~  i°  28'  59", 
S.  S3     —  5     8-i     —       —        8.952398 
S.SM  z=  1   28  59     —     —       8.413067 

S.  ssS—  16  47       —       —       9.460669 
the  limit  for  the  moon's  eclipfe  at  a  medium. 

In  the  triangle  S3  SM  for  the  fun's  eclipfe. 
Here  SM  —  i°  28'  47". 
S.8.  5°     8'i         —       —       8.952398 
S.SM  —  1  28  47    —    —      8.412009 
Rad.       — -     —     —       —     10 
S.  S3  S.   16  45       — •      —         9.45961 1 

the  limit  for  the  fun's  eclipfe,  in  any  place  ;  about 
the  fame  as  for  the  moon. 

But  for  a  particular  place,  SM  zz  3 1  42  ;  and 
S  S3  comes  out  only  50  54'  for  the  limit. 

Cor.  1 .  Hence  there  will  at  leaft  be  4  eclipfes  in  & 
year,  taking  one  year  with  another  ;  two  of  the  moon, 
and  two  of  the  fun. 

For  160  47'  +  160  45;  —  ^  32  or  33-i.  There-^ 
fore  the  fun  ftays  above  a  month  within  the  ecliptic 
limits,  twice  in  the  year.     During  which  time  the 

moon 
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Fip-.  moon  makes  two  revolutions,  and  therefore  mutt 
u^.caufe  two  eclipfes,  either  time  j  one  of  the  moon 
and  another  of  the  fun. 

Cor.  2.  In  a  general  way,  half  of  the  eclipfes  will 
be  invijible  at  any  given  place.  And  confequently  one 
year  with  another  there  can  only  be  two  vifible  eclipfes 
in  a  year,  one  of  the  moon,  and  one  of  the  fun. 

For  the  fun  and  moon  fpend  as  much  time  be- 
low the  horizon  as  above  it. 

Cor.  3.  By  the  fame  method  the  ecliptic  limits  may 
be  found  for  total  eclipfes,  as  well  as  for  partial  ones. 

That  is,  by  taking  SM  —  the  difference  of  the 
femidiameters  of  the  earth's  dark  fhadow  and  of 
the  moon,  in  lunar  eclipfes  •,  or  —  the  difference 
of  the  femidiameters  of  the  moon  and  fun,  in  folar 
eclipfes,  (by  Cor.  4.  Prop.  I.) 

Cor.  4.  Eclipfes  do  not  happen  always  in  the  fame 
places  of  the  zodiac ;  but  in  places  more  and  more  weft- 
ward. 

For  the  eclipfes  being  about  the  nodes,  and  the 
nodes  regreffive  at  the  rate  of  19  deg.  in  a  year; 
therefore  the  places  of  the  eclipfes  are  19  deg. 
more  weft  every  fucceeding  year. 

PROB.     IV. 

Having  the  inclination  of  the  mooit's  orbit,  to  the 
ecliptic,  for  a  given  time  ,  and  the  horary  motions  of 
the  fun  and  moon ;  to  find  the  angle  that  the  moon's 
way  from  the  fun  makes  with  the  ecliptic,  at  the  time 
cf  an  eclipfe. 

114.  Let  rS  be  the  ecliptic,  &  M  the  moon's  or- 
bit, &  the  node.  And  let  S  be  the  fun,  in  the 
fun's  eclipfe  •,  or  the  center  of  the  earth's  fhadow, 
in  the  moon's  edipfe  -,  and  M  the  moon  at  the  time 

of 
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of  the  fyziges.     Take  S3  A  to  S3  S  as  the  fun's  ho-  Fig. 
rary  motion,    to  the  moon's,    at  that  time  ;    draw  114, 
MA,  then  MAS  is  the  angle  required  j    and  AM 
the  moon's  apparent  orbit. 

For  by  conftruflion,  in  the  time  that  the  moon 
has  been  moving  from  8  to  M  (that  is,  thro'  S3  S 
reckoned  in  the  ecliptic),  the  fun  has  moved  thro' 
a  fpace  DS  equal  to  S3  A.  Therefore  the  fun  was 
in  D,  when  the  moon  was  in  the  node  at  S3 .  Draw 
DB,  MB  parallel  to  SM,  SD  ;  and  draw  B  S3 ,  which 
will  be  parallel  to  MA.  Now  fince  the  moon 
makes  the  fame  latitude  DB  or  SM,  in  the  fame 
time,  whether  the  fun  moves  or  ftands  ftill.  And 
fince  SM  is  her  latitude,  when  the  fun  is  at  S,  DB 
(equal  to  SM)  will  be  her  latitude,  fuppofmg  the 
fun  had  flood  at  D,  without  any  motion  towards  S  ; 
and  confequently  S3  B  will  be  her  apparent  way, 
to  an  eye  at  D,  thro'  which  fhe  feems  to  move  in 
the  fame  time.  Or,  which  is  the  fame  thing,  AM 
will  be  her  apparent  way  to  an  eye  fixt  at  S.  For 
the  triangles  AMS  and  S3  BD  are  equal ;  and  M  AS 
is  the  angle  of  her  way  with  the  ecliptic.  By  the 
theory  of  relative  motions,  in  bodies  moving  the 
fame  way,  all  the  apparent  motions  are  the  fame, 
as  if  one  body  flood  ilill  and  the  other  moved  for- 
ward, with  the  difference  of  their  motions.  And 
here  S3  D  or  A3  is  the  difference  of  their  motions, 
fuppofing  S  to  be  fixt. 

Cor.  1 .  Hence,  as  the  moon's  horary  motion  :  to  the 
Jkns  horary  motion  :  :  S  S3  the  difiance  from  the  node 
to  A  S3 .     Then  S  A  —  S  S3  —  A  S3 . 

Cor.  2.  As  fine  of  SA  :  rad  :  :  tan.  moon's  lat. 
SM  :  tan.  angle  A. 

Cor.  3.  It  is  the  apparent  orbit  AM  that  miift  be 
made  ufe  of  in  calculating  all  the  particulars  of  an  e~ 
clipfe. 

for 
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Fig.      For  an  obferver  confiders  not  S  as  moving ;  and 

114.  therefore  only  the  relative  motions  are  concerned. 

P  R  O  B.      V. 

To  calculate  an  eclipfe  of  the  moon. 

The  Precepts. 

1.  Find  the  true  time  of  the  oppofition,  when  an 
eclipfe  is  to  happen,  by  Prop  XI.  Seel.  VI  -t  and 
let  that  be  reduced  to  apparent  time. 

2.  By  Prop.  Xll.  Sed.  V,  and  Prop.  X.  Sett.  VI. 
find  the  true  places  of  the  fun  and  moon,  when 
in  oppofition.  As  alfo  the  fun's  mean  anomaly, 
and  the  place  of  his  apogee.  Alfo  the  place  of  the 
moon's  afcending  node,  and  of  her  apogee,  and  her 
latitude. 

115.  3.  Let  8  S  be  a  part  of  the  ecliptic  ;  &  M  the 
moon's  orbit ;  S  the  center  of  the  earth's  ihadow, 
and  M  the  moon,  when  in  oppofition.  Take  s  A, 
to  £  S  which  is  known  by  calculation  •,  as  the  fun's 
horary  motion,  to  the  moon's.  Which  motions  are 
known  from  the  aftronomical  tables.  Draw  AM, 
for  the  way  of  the  moon  from  the  fun,  by  Prop. 
IV.  Then  in  the  right  angled  fpherical  triangle 
ASM,  there  is  given  AS  (—  9>  S  —  8  A)  •,  and  SM 
the  moon's  latitude  found  by  calculation  :  to  find 
the  angle  SMA. 

4.  Let  fall  SP  perpendicular  to  AM.  Then 
fince  the  arches  SM,  MP,  SP,  are  very  fmall,  they 
may  be  taken  for  right  lines  ;  and  the  triangle  SMP 
for  a  plane  triangle.  Then  having  SM  and  angle 
SMP-,  MP  and  SP  will  be  found.  Where  P  is 
the  place  of  the  moon  in  the  middle  of  the  eclipfe. 
Likewife  the  time  of  the  moon's  moving  thro'  MP 
•will  be  known  by  her  horary  motion  ;  and  from 
thence  the  time  when  fhe  is  at  P,  or  the  middle  of 
the  eclipfe. 

5.  From 
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5.  From  the  aftronomical  tables,  find  the  fun  and  Fig. 
moon's  apparent  femidiameters,  for  the  time  of  op- 115. 
pofition  ;  and  their  horizontal  parallaxes. 

6.  From  any  convenient  fcale  of  equal  parts, 
with  the  center  P  and  radius  PB,  equal  to  the  mi- 
nutes contained  in  the  moon's  radius,  defcribe  the 
circle  BCo  for  the  moon.  And  with  the  radius  SD 
(equal  to  the  fum  of  the  fun  and  moon's  horizon- 
tal parallaxes  —  the  fun's  femidiameter,  all  in  mi- 
nutes), defcribe  the  circle  DEB,  from  the  center 
S,  then  this  circle  (by  Cor.  4.  Prop.  I.)  will  repre- 
fent  the  earth's  dark  fhadow.  Like  wife  with  the 
fame  center  S,  and  radius  SF  (equal  to  the  fum  of 
the  fun  and  moon's  parallaxes  -f-  the  fun's  femidia- 
meter, in  minutes),  defcribe  the  circle  FQG  ;  and 
this  (by  Cor.  5.  ib .)  will  be  the  earth's  penumbra. 

7.  Thefe  things  being  laid  down,  it  will  be  eafy 
to  find  all  the  requifites  by  fcale  and  compafs,  by 
meafuring  them  •,  or  rather  by  calculation,  in  the 
feveral  right  angled  plain  triangles,  contained  in  the 
fcheme.  Thus,  to  find  when  the  moon  firft  touch- 
es the  penumbra  at  L;  in  the  right  angled  trian- 
gle SPK,  there  is  given  SP,  and  SK  (the  fum  of 
the  radii  SL  and  PB),  to  find  PK.  Which  being 
known,  the  time  of  the  moon's  pafling  thro'  it  will 
be  known,  by  the  moon's  horary  motion  from  the 
fun.  Again,  to  find  when  the  moon  firft  enters  the 
dark  fhadow  of  the  earth  in  D.  In  the  right  an- 
gled triangle  SPI,  there  is  given  SP,  and  SI  ('the 
fum  of  the  radii  SD,  PB)  to. find  PI;  and  confe- 
quently  the  time  of  half  the  duration  in  the  fha- 
dow. Alfo  to  find  the  digits  or  12  th  parts  of  the 
moon  eclipfed.     Here  no  the  part  eclipfed  is   zz 

lino       6no 
Sn  +  Po  —  SP  ;  and  — p-  or  -5-  is  the  number 

of  digits  eclipfed. 

Iri  total  eclipfes*  of  the  moon,  the  earth's  fhadow 
often  reaches  further  than  the  moon.     And  then 

more 
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Fig.  more  than  12  digits  are  faid  to  be  eclipfed,    fup- 
1  j  5.  poling  the  moon's  difk  to  be  produced  fo  far. 

If  the  time  was  required  when  the  moon  wholly 
enters  into  the  dark  fhadow  BED,  it  will  be  found 
the  fame  way,  as  when  it  entered  into  the  penumbra 
GQF ;  as  will  be  evident,  by  fuppofing  GQL  the 
dark  fhadow.  In  that  cafe  SI  will  be  the  difference 
of  the  femidiameters  of  the  moon  and  dark  fhadow. 

Now  the  times  of  paffing  thro'  PI,  PK,  &c.  be- 
ing known,  and  the  time  of  the  middle  of  the  e- 
clipfe  at  P  •,  the  beginning  and  ending  will  be 
known. 

8.  Hence  if  the  moon  or  circle  CB0,  never 
touches  the  circle  GQF,  there  will  be  no  eclipfe, 
not  even  by  the  penumbra.  And  if  the  fame  circle 
never  touches  the  circle  BDE,  there  will  be  no  part 
of  the  moon  totally  eclipfed.  And  if  the  whole 
circle  CB<?  enter  into  the  circle  BED,  the  whole 
moon  will  be  totally  eclipfed  •,  and  that  is  when  SP 
is  lefs  than  the  difference  of  the  femidiameters  SD 
and  PB.  If  the  point  S  be  in  the  node,  then  P 
falls  upon  S,  and  the  eclipfe  is  central.  When 
only  a  part  of  the  circle  CB<?  goes  into  the  circle 
BED,  the  eclipfe  is  a  partial  one,  as  in  this  figure. 

9.  The  time  of  the  eclipfe  being  known  for  any 
particular  place,  it  is  eafy  to  know,  if  it  be  vifible 
at  that  place  ;  by  knowing  if  the  moon  be  rifen. 
Or  the  place  will  be  known  where  the  moon  is  ver- 
tical •,  and  therefore  it  will  be  vifible  to  all  places, 
within  a  quadrant's  diftance  from  it. 

10.  It  muft  be  noted,  that  it  the  fpectator  lives 
in  the  place  (or  in  the  fame  longitude)  which  the 
tables  are  calculated  for  •,  he  will  fee  the  eclipfe  at 
the  time  determined  by  the  calculation.  If  not,  he 
will  fee  it  an  hour  fooner  for  every  15  degrees  dif- 
ference of  longitude,  that  he  lives  weft  from  it. 
And  fo  much  later,  if  he  lives  eaftward  ;  that  is 
in  the  way  of  reckoning  time.     But  in  regard  to 

abfolute 
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abfolute  time,  it  is  feen  from  all  places  at  the  fame  Fig. 
inftant.  115. 

Example. 

To  find  the  time  of  the  moon's  eclipfe  Dec.  13,  1 769 ; 
its  duration  and  digits  eclipfed. 

1 .  The  mean  time  of  the  fyziges,  by  the  tables, 
is  found  to  be  Dec.  i2d  i9h  27™,  at  which  time  the 
moon's  horary  motion  from  the  fun  is  35'  33" ' .  At 
this  time,  computing  the  true  places  of  the  fun  and 
moon,  the  moon  will  appear  to  be  35  10  before  the 
fun.  And  therefore  the  time  is  paft  the  fyziges, 
$()m  12s.     Therefore, 

from  id    i9h   27"     os 
take  o       o     59     12 
true  time   1      18     27     48 

The  places  being  computed  again,  the  moon  is 

only   7"  before  the  fun,  which  amounts  to  12s  of 

time;  therefore  the  time  of  oppofition  is  I2d  i8h 

27™  36s,  which  reduced  to  apparent  time  is  Dec. 
J2d  l8h  32m  51s# 

2.  The  fun's  place  is  8s  210  37'  %cjl 
the  moon's  place  2  21   37  3$ 
place  of  the  afcending  node  8   14  46   13 
her  latitude  fouth      —    —  37  5$  , 
the  fun's  horary  motion  233 
moon's  horary  motion                         38     6 

3.  Hence  the  moon  is  6°  51' 22"  paft  the  de- 
fcending  node;  that  is,  9.  S  is  6°  51'  22".  There- 
fore a  A  zz  27'  32",  and  AS  =z  6C '23'  50".  There^ 
fore  the  angle  SMA  zz  840  22'  28". 

4.  Hence  drawing  the  ecliptic  RS,  and  SM  perp.  116^ 
to  it,  and  equal  to  37'  58"  from  afcale  of  minutes. 
And  making  the  angle  SMA  s  840  224-.  You  will 
find  the  perpendicular  SP   =37'  47'',  and  MP  — 

3'  43".     And  therefore,  the  horary  motion  of  the 

moon  from  the  fun  being  35'  33'',  PM  will  be 

palTed  over  in  6'  1 7".     And  fince  this  is  before  the 

2  oppo;. 
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Fio-.  oppofition  at  M,  this  time  mult  be  deducted  from 

i  i  6.  the    time    of   oppofition.     And   the   time  of  the 

middle  of  the  eclipfe  will  be  Dec.  I2d  i8h  i6m  34*. 

5.  The  fun's  apparent  femidiam.         16'    20" 
'  his  horiz.  parallax         —         —  12 

moon's  ap.  femidiameter  16     48 

her  horizont.  parallax  6l       7 

6.  Hence  the  radius  BP  =  16'    48/;. 

radius  SD  zz  44     59. 
radius  SF  =  77     39. 

7.  Hence  alfo  PK  or  Fk  r=  86'    3/. 

and  PI  or  Pi  z:  48     53. 

and  therefore  the  time  of  paiTing  thro'  PK  is  2h  iGf 
'    6",  and  thro'  PI  —   ih  22'  30".     And  the  whole 
duration  in  the  fhadow  from  I  to  /,  is  2h  45°'.  And 
the  digits  eclipfed  84-  on  the  upper  fide.  Whence, 

firft  entering  the  penumbra  Dec.  I3d4h  om  28'  morn, 

entering  the  dark  fhadow  at  544 

middle  —  —  6  26  34 

oppofition  —  —  6  22  51 

leaving  the  fhadow         —         —  7  49     4 

leaving  the  penumbra       —     —  8  52  40 

duration  —  —  2  45     o 

digits  eclipfed  8i.. 

All  thefe  things  may  be  determined  near  enough 
by  fcale  and  compafs,  in  a  large  draught;  making 
life  of  a  fcale  of  minutes  and  fixtieth  parts  ;  or  ra- 
ther by  making  a  fcale  of  time  anfwering  thereto, 
by  help  of  the  horary  motion  of  the  moon  from 
the  fun.  For  by  this  fcale,  the  feveral  hours  and 
minutes  may  be  marked  along  the  line  A£,  by 
which  it  will  appear  at  what  time  the  center  of  the 
moon  is  at  any  given  point.  For  the  time  is  known 
when  the  moon  is  at  M,  and  from  thence  the 
points  at  each  hour  and  minute  are  eafily  found. 

And 
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And  this  conftruction,  with  only  right  lines  and  Fig. 
circles,  will  be  exact  enough  in  a  large  figure  ;  for  116. 
the  bell  lunar  tables  give  the  times  of  the  phafes 
of  an  eclipfe  no  nearer  than  to  4  or  5  minutes  of 
time ;  and  therefore  fuch  a  conftruction  is  fuificient 
to  anfwer  the  purpofe. 

Cor.  1.  No  eclipfe  of  the  moon  can  lafi  above  5^ 
hours,  from  the  moon's  firfi  touching  the  earth's  pe- 
numbra, to  its  lafi  leaving  it. 

For  SK  zz  94/  27"  zz  9445»  and  the  horary-mo- 
94.45 
tion  is  35'  33"  zz  35*55  — —  zz  2.66  zz  2h  39m  z= 

femidu  ration. 

Cor.  2.  No  eclipfe  of  the  moon,  by  the  earth* s  fha- 
dow, can  lafi  above  3^  hours.  Nor  when  total,  above 
l^  hours. 

61.78 
For  SI  zz  6i'  47"  =  61.78,  and  j^  =  1745 

zz  i;  45/7  zz  the  femiduration,  and  SD  —  SI  zz 

28.18 

28'  11"  zz  28.18,  and zz  .70  zz  47m,  thefe- 

-  .         .  35-55        /y       V 

miduration. 

Scholium. 

The  refraction  of  the  earth's  atmofphere,  in  lu- 
Ciar  eclipfes,  makes  the  fhadow  lefs ;  by  bringing 
the  rays,  which  terminate  the  fhadow,  fooner  to  a 
point.  And  hence  comes  that  red  colour  of  the 
moon,  even  in  total  eclipfes.  But  that  light  muft 
be  very  dim,  by  reafon  a  great  number  of  the  rays 
are  ftopt  and  loft  in  the  earth's  atmofphere. 

The  circles  terminating  the  fhadow  and  the  pe- 
numbra BED  and  GQF,  cannot  be  diftinguifhed.  %■■ 
For  the  darknefs  from  BED,  diminifhes  by  infen- 
fible  degrees,  to  GQF,  being  darkefl  at  E,  and 
Jighteft  at  Q,  where  it  vanifhes  infenfibly.  And 
therefore  the  moon  does  not  appear  to  be  eclipfed, 
Z  2  till 
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Fig.  till  the  is  a  good  way  within   the  penumbra.     For 
1 1 6. that  reafon,  there  may  happen  eclipies  of  the  moon 
which  cannot  be  dik\.vered  as  fuch. 

It  may  be  obferved   that  all  lunar  tables,    fhew 
the  moon's  place  in  eclipies,  more  truly  in  the  lv- 
ziges  than  in  the  quadratures,    or  any  other  place. 
For  the  times  of  the  fyziges  have  been  more  accu- 
rately obferved  -,  and  the  moon's  place  more  nicely 
obferved  in  eclipies,  than  at  any  other  time  ;    and 
from  thence  the  moon's   theory  has  been  deduced. 
Befldes  many  of    the  inequalities  ceafe  in  the  fy.  i- 
ges,  but  have  fenllble  effects  in  other  places  ;  be- 
coming   greater,    as    the    moon    is    further     from 
the   lV-iges  •,     being    greatelt   in    the    quadratures. 
Whence  the  lunar  tables  do  not  determine  the  moon's 
place  truly  in  the  quadratures.     And  her  place  cal- 
culated from  thele  tables   is   not  lb  exact  in  the 
quadratures  as  in  the  iyziges.     Several  inequalities 
depend  on  the  aipect  of  the  nodes  and  the  fun  -,  but 
thefe   ceafe  when    the   nodes   are   in   the   fyziges. 
When  the  moon  and  the  nodes  are  in  the  Iyziges  ; 
the  moon's  place,    then  wanting  fewer  equations, 
as  being  fubiecr.  to  fewer  incqualuies,  will  be  more 
correct ;  than  when  ihe  is  in  other  places,    where 
there  are  more  and  greater  inequalities,  and  more 
equations  •,  which  equations  have  never  been  truly 
rixed.     From  hence  more  errors   will   happen  out 
of  the  Iyziges,  than  in  them. 

P  R  O  B.     VI. 

To  Jin  J  the  ivay  of  the  moon  from  tbe fun ,  in  a  folar 
tcHp4 .',  .  wpfq  fog  the  i .  i  : .-  at  reft, 

1 1~.  Let  HZO  be  the  meridian  of  the  place,  HO  the 
horizon,  EC  the  equinoctial,  EL  the  ecliptic,  Z 
the  zenith,  P  the  pole,  S  and  M  the  places  of  the 
fun  and  moon  in  conjunction,  PSD  the  fun's  me- 
ridian. 

Having 
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Having  found  the  fun's  diftanee  from  the  node,  Fig, 
S3  S,  and  the  moon's  latitude  SM,  &c.    take   8  A  117. 
to  9,  S,  as  the  fun's  horary  motion,   to  the  moon's 
horary  motion;    then  S  A  is  known,     Draw  MA  ; 

then  in  the  fpherical  triangle  ASM,  right  angled 
at  S,  there  is  given  SA,  SM  ;  to  find  the  angle 
SM  A  ;    AM  being  the  moon's  way  from  the  fun. 

But  becaufe  the  eye  of  the  obferveris  in  motion, 
by  the  rotation  of  the  earth  5  which  gives  an  ap- 
parent motion  to  the  moon,  contrary  to  that  of  thjg 
obferver  5  we  muft  find  the  quantity  and  direc- 
tion of  that  motion.  In  the  firfb  place,  fince  the 
obferver  is  carrier!  eafhvard,  that  is  towards  the 
point  C,  the  apparent  motion  in  the  moon  caufed 
thereby  will  be  in  the  line  CS.  And  to  determine 
the  pofition  of  CS  in  refpect  of  AM  or  SM,  feve- 
ral  fpherical  triangles  mud  be  rcfoh/ed,  as  follow*. 

In  the  right  angled  triangle  EDS,  there  is  gi- 
ven ES  and  angle  E  to  find  DS  and  angle  ESD 
or  ASP  5  or  thefe  may  be  eafier  had  from  the  af- 
tronomical  tables  A^nd  in  the  triangle  ZPS, 
there  is  given  PS  (the  complement  of  D^ },  the  an- 
gle ZPS  (from  the  time  of  the  day),  and  ZP  the 
complement  of  latitude-,  to  find  ZS,  and  angles 
PZS  and  ZSP.  Then  ZSP  and  ASP  being  known, 
ZSA  will  be  known.  And  MSA  being  a  right  angle, 
ZSM  will  be  known.  In  the  right  angled  triangle 
CFS,  there  is  given  CF,  the  meafure  of  the  angle 
FZC  (the  difference  between  the  angle  PZS  and 
the  right  angle  CZP),  and  SF  the  complement  of 
ZS  ;  to  and  CS,  and  the  angle  CSP  or  BSZ.  Then. 
BSZ  and  ZSM  being  known,  BSM  will  be  known. 
And'ivl-  being  known,  its  fupplement  SMB  is 
known,  and  consequently  the  angle  S8M. 

To  find  the  quantity  of  the  motion.  That  a- 
long  AM  is  aiready  known  ;  and  to  find  the  ap- 
parent motion  along  SB.  The  fine  of  15  degrees 
(the  horary  motion  of  a  point  in  the  equinoctial) 
Z  3  is 
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Fig.  is  .259  to  the  radius  1.  And  if  h  be  the  moon's  ho- 
1 1 7.  rizontal  parallax,  then  the  radius  of   the  earth  ap- 
pears at  the  moon  under  the  angle  h,    and  there- 
fore 15  degrees  of  the  equinoctial  appears  under  the 
angle  of  .259/^  •,    this  then  is  the  horary  motion  of 
a  point  in  the  equinoctial,  viewed  directly  from  the 
moon.     And  the  moon's  apparent  motion  feen  from 
that  point  in  the  equinoctial  is  the  very  lame.     But 
this  motion  is  to  be  diminifhed  upon  two  accounts. 
1.  Becaufe   it  is  lefs  in  a  parallel  circle,    in  pro- 
portion to  the  cofine    of   the    latitude.      And   2. 
Upon   account    of    the  obliquity  of    the  motion, 
when  not  perpendicular  to  the  rays  of  the  fun  ; 
and  this  will  be  as  the  fine  of  CS,  the  fun's  diftance 
from  the  eaft  or  weft  point  of  the  horizon.     There- 
fore to  find  the  quantity  of  this  motion. 
To  the  Log.  of  .259^ 
add  the  cof.  latitude 
and  the  fine  of  CS. 
Then  the  fum,  abating  twice  radius,    is  the  log.  of 
this  apparent  horary  motion.     Then  this  motion  is 
to  be  compounded  with  the  motion  along  AMB  as 
follows. 
11?.      Let  AS  be  a  portion  of  the  ecliptic,  SB  the  way 
of  the  apparent  motion,  MA  the  moon's  way  from 
the  fun.     Draw  NM  parallel  to  SB  ;    and  let  MN 
be  the  horary  motion   along  SB  or  MN,  and  MI 
the  horary  motion  of  the  moon  from  the  fun.  Then 
compleat  the  parallelogram  NMIQ5  draw  the  di- 
agonal MQR,  which  is  the  direction  of  the  motion, 
compounded  of  the  obfervers  and  the  moon's  mo- 
tions, and  MQ  is  the  total  apparent  horary  motion, 
fuppofing  the  obferver  at  reft.      Then  in  the  plain 
triangle  QMI,  there  is  given  MI,  and  IQJor  MN), 
and  the  angle  MIQj=  MBS;    to  find   ;he   angle 
QMI,  and  fide  MQ^or  the  abfolute  horary  motion. 
And  the  angles  QMI  and  IMS  being  known,  QMS 
is  known. 

Here 
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Here  obferve,  if  the  fun  be  in  the  eaftern  hemif-  Fig. 
phere,  in  which  cafe  the  concave  fide  of  the  eaftern 
fcemifphere  is  here  projected  (in  fig.  1 17),  then  the 
moon's  motion  from  the  fun  is  from  M  towards  A, 
and  the  other  apparent  motion  from  S  towards  B, 
or  from  M  towards  N.  But  if  the  fun  is  in  the 
weftern  hemifphere,  this  projection  reprefents  the 
convex  fide  of  the  fphere  •,  and  then  the  moon 
moves  from  the  fun,  in  direction  AM,  and  the 
other  apparent  motion  is  from  S  towards  C,  being 
contrary. 

P  R  O  B.     VII, 

Vo  calculate  an  eclipfe  of  the  fun,  for  a  -particula%- 
flace  given. 

The  eclipfes  of  the  fun  are  more  difficult  to  cat"-, 
culate^  than  thofe  of  the  moon  •,  the  latter  being 
clear  of  parallaxes,  which  the  former  are  incum- 
bered with,  which  gives  a  great  deal  of  trouble. 

But  a  great  part  of  it  may  be  avoided  by  ufingt 
projections  inftead  of  calculations.  The  rules  are, 

1.  Find  the  true  time  of  the  conjunction,  and. 
the  places  of  the  fun  and  moon  at  that  time  ;  by 
Prop.  12.  Sect,.  V.  and  Prop  10  and  11,  Sect.  VI. 
with,  all  other  requifites  by  the  foregoing  Props,  of 
this  fection  •,  all  for  your  particular  place.. 

2.  Having  found  the  way  of  the  moon  from  the  ' 
fun  as  directed  in  the  laft  Prob.by  projection  or  cal- 
culation; find,  by  the  aftronomical  tables,  the  moon's^ 
horizontal  parallax,  her  apparent  diameter,  and  ho-  i 
rary  motion  ;  alfo  the  fun's  apparent  diameter,  and, 
horary  motion. 

And  here  to  avoid  a  great  deal  of  calculation, 
if  the  fphere  be  projected  by  a  large  fcale,  it  will 
give  all  the  requifites  with  fufficient  exa6lnefs,  by 
meafuring  the  Several  angles  and  fides,  without  any 
calculation,  or  very  little.     And  here  it  is  bell  to. 

2  4 
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Fig.  project  the  concave  fide,  and  then  every  thing  ap- 
pears as  it  is  in  nature. 

II9«  3.  Find  the  moon's  parallax  of  altitude,  by 
making  as  rad  :  cos.  altitude  :  :  fo  the  moon's  ho- 
rizontal parallax  :  to  her  parallax  of  altitude  Vt  or 
7s/[m.  Then  find  her  parallax  of  latitude  M;*,  and 
longitude  Sj,  or  mn,  by  Prob  17.  Sc6t  IV.  and 
from  thence  her  apparent  latitude  and  longitude 
is  known. 

.120.  4.  Draw  the  line  ASL  for  the  ecliptic,  and  from 
a  large  fcale  of  minutes,  erect  SM  perp.  to  AS,  and 
equal  to  the  apparent  latitude  •,  make  the  angle 
SMR,  as  found  in  the  lait  Prob.  and  draw  9  MR 
for  the  moon's  apparent  path.  From  S  let  fall  SP 
perpendicular  to  MR,  and  SP  will  be  the  leaft  dis- 
tance of  the  centers  of  the  fun  and  moon,  or  the 
middle  of  the  eclipfe.  From  the  center  S  with  the 
radius  equal  to  the  minutes  contained  in  the  fun's 
femidiameter,  defcribe  the  circle  ABC  for  the  fun. 
And  from  the  center  P,  with  the  radius  equal  to  the 
moon's  femidiameter,  defcribe  the  circle  AOCD 
for  the  moon.  If  thefe  circles  do  not  interfecl, 
there  will  be  no  eclipfe.  But  if  they  interfecl, 
an  eclipfe  muft  neceflarily  happen. 

5.  Then  P  is  the  place  of  the  moon  in  the  middle 
of  the  eclipfe.  Make  SI  and  SK  equal  to  the  fum 
of  the  femidiameters  of  the  fun  and  moon  ;  and  the 
moon's  center  will  be  at  I  when  the  moon  firft  touches 
the  fun,  or  at  the  beginning  of  the  eclipfe.  And 
K  the  place  of  the  moon's  center,  at  the  end  of 
it.  In  the  triangle  PSI,  there  is  given  SI,  SP  ;  to 
find  PI  —  PK,  which  reduced  to  time,  by  help  of  the 
moon's  apparent  horary  motion,  fhews  half  the  du- 
ration of  the  eclipfe ;  and  confequently  we  fhall 
have  the  beginning  and  end. 
'  6.  And  to  find  the   quantity  no,  or  the  digits  e- 

6no 
clipfed ;  we  have  no  zz  Sn  +  Po  —  SP,  and  -5- 

=1  number  of  digits.  7.  The 
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7.  The  time  found  being  mean  time,  it  muft  be  Fig. 
reduced  to  the  common  or  apparent  time,  by  the 
equation  of  time.  And  if  the  given  place  be  not 
that  for  which  the  tables  are  made  ;  add  fo  much 
time,  if  your  place  lie  eaftward  to  the  time  of 
conjunction,  as  anfwers  to  the  difference  of  meri- 
dians ;  or  fubtract  it,  if  you  lie  weftward,  as  is 
noted  in  article  1. 

Example. 

To  find  the  time  of  the  fun's  eclipfe,  June  4,,  1769, 
its  duration  and  digits  eclipfed,  at  London. 

1.  By  the  tables  the  mean  time  of  the  conjunc- 
tion is  found  to  be  June  3  d  2011  41111.  And  hence 
the  true  time  of  conjunction  is  June  3d  20h  2jm  43s. 
And  their  places  are  2s  130  51'  25".  And  the 
moon's  lat.  55  32  north.  The  moon's  motion 
from  the  fun  35'  47". 

2.  The  angle  AMS  =  840  27'.     ZSM  zz  350 117, 
20'.     CSF  zz  50  18'.     SBM  zz  430  49'.     SF  zzn8. 
420  16',  CF  zz  30  34'.   CS  zz  420  24'.     The  angle 
QMI  zz  8°  25.     SMQ  zz  920  52.     MN  or  IQ 

zz.  6°  38'.     MQ^z:  310  20'.     Alfo 

The  moon's  horizontal  parallax 
her  apparent  diameter 
her  horary  motion        —       — 
the  fun's  diameter       —        — 
his  horary  motion         —         — - 

.  .  3.  The  moon's  parallax  in  altitude  Mm,  is  45'  II(v 
09";  her  parallax  in  latitude  M#,  38'  05'';  her  re- 
maining latitude  Sn,   17'  26"  j  her  parallax  in  lon- 
gitude Sj,  24'  1 3"  j  which  is  increased  fo  much. 

4.  Draw  SL  for  the  ecliptic ;  at  any  point  S,  x  20; 
erect  the  perp.  MS  equal  to  17'  26",  the  moon's 
apparent  latitude  ;  thro'  M  draw  the  moon's  way 
$2  MR,  making  the  angle  SMR  =92°  52'.  Draw 
SP  perp,  MR,  which  here  falls  very  near  M.  From 
the  center  S,  with  the  radius  SA  zz  15'  50"  defcribe 

the 
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Fig.  the  circle  ABC  for  the  fun.     And  with  the  radius 
120.MD  —  i()  46",  and  center  P,  defcribe  the  circle 
ADCO  for  the  moon. 

5.  Hence  PI  or  PK  =  27'  33".  And  the  time 
of  moving  thro'  IP  or  PK.  at  the  rate  of  31'  20" 
an  hour,  is  c,im  45s,  for  the,  femiduration.  '  By 
reafon  of  the  parallax  (24'  13"),  me  is  paft  the  ap- 
parent conjunction  ;  the  difference  being  what  the 
parallax  cauies,  which  comes  to  46™  23s.  There- 
fore the  middle  of  the  echpfe  is  fo  much  fooner, 
being  at  3d  19*  41 m  20s.  This  reduced  to  appa- 
rent time  is  3d  1911  43m  27%  for  the  middle. 

6.  The  digits  eclipfed  are  5TV>  nearly. 

In  this  example,  1  have  fuppoied  that  the  con- 
cave fide  of  the  fphere  is  projected,  which  luits 
beft  to  the  appearance  of  the  heavens.  And  the 
figures  are  drawn  upon  that  fuppofition. 

It  appears  from  the  procefs,  that  the  moon  is 
advancing  to  her  defcending  node,  and  therefore 
has  north  latitude.  And  by  the  pofition  of  that 
part  of  the  ecliptic,  her  parallax  in  longitude,  ad- 
vances her  fo  much  forward,  viz.  24'  13".  And 
therefore  irie  is  fo  much  paft  the  apparent  con- 
junction.    Hence  we  gain  thefe  feveral  particulars. 

Thebeginningof  theeclipfe,  June4d  6h  50m42smorn» 
middle         « —         —  4  7  43   27 

end  of  it         —         —        4  8  46   12 
total  duration      —      —  1   45  30 

digits  eclipfed   54-,  on  the  upper  fide  of  the^ 

fun,  towards  the  left ;  as  appears  by  the  figure. 

Cor.  1 .  Hence  the  pofition  of  the  horns  at  C  and 
A,  are  eafily  found  in  the  middle  of  the  eclipfe. 

For  they  are  in  a  pofition  parallel  to  RI,  the? 
moon's  way. 

Cor.  2.  The  middle  of  the  eclipfe  will  not  be  at  the 
fame  time  in  all  -places  of  the  fame  longitude. 

For 
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For  the  parallax  of  longitude  will  be  different  in  Fig. 
different  places.  120. 

Cor.  3.  No  eclipfe  of  the  fun  can  lafi  above  two 
hours. 

For  SI  or  SA  +  MD  =  32'  36"  =  32.6,  and 

32.6 
the  horary  motion  =  34.  47"  zz  35.78.  And  -— g 

tz  .91  zz  544-  minutes,  for  the  femiduration. 

Scholium. 
If  it  was  not  for  the  parallax,  eclipfes  of  the 
fun  were  as  eafily  calculated,  as  thofe  of  the  moon. 
And  in  order  to  get  the  parallax,  the  angle  ZSM 
and  SF  muft  be  known,  which  occafions  the  re- 
forming feveral  fpherical  triangles  before  they  can 
be  had.   Likewife  it  may  be  obferved,  that  the  ap- 
parent way  of  the  moon  is  ftrictly  a  curve  line, 
concave  towards  S,  which  arifes  from  the  parallel 
of  latitude  being  a  curve,  and  the  moon  being  out 
of  its  plane.     Likewife  the  moon's  apparent  velo- 
city is  fomething  greater  at  the  beginning  than  at 
the  end.     But  I  defcend  not  to  thefe  minute  parti- 
culars. 

PROB.     VIII. 

To  calculate  a  general  eclipfe  of  the  fun-,  or  an  12 i< 
eclipfe  of  the  earth. 

1.  The  elements  necelTary  for  this  are  the  follow- 
ing. The  fun  and  moon's  place,  and  likewife  the 
time,  at  the  true  conjunction.  The  moon's  lati- 
tude, horizontal  parallax,  diameter,  and  horary 
motion.  The  fun's  declination,  diameter,  and  ho- 
rary motion,  And  the  angle  the  moon's  way 
makes  with  a  circle  of  latitude. 

2.  From   a   large  fcale  of    minutes,    take  the 
moon's  horizontal  parallax  in  your  companies,  and 
at  any  point  C,  in  the  right  line  BD  (which  repre- 
sents 
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Fig.  fents  the  ecliptic),  defcribe  the  circle  ABED,  for 
121.  the  earth's  difk,  or  the  earth's  flat  face  as  it  ap- 
pears at  a  diftance,  in  a  line  drawn  to  the  fun  Draw 
CM  perpendicular  to  CD,  and  equal  to  the  lati- 
tude of  the  moon  upwards  if  north.  Make  the 
angle  CMG  equal  to  that  which  the  moon's  way 
makes  with  a  circle  of  latitude  •,  acute  to  the  right 
hand,  if  fhe  tend  to  the  node  ;  or  obtuic,  if  me 
be  part  it ;  and  drawing  FJV1G,  it  will  be  the  way 
of  the  center  of  the  moon's  fhadow  upon  the  earth. 
From  C  let  fall  CH  perp.  to  FG.  Then  at  H 
will  be  the  middle  of  the  earth's  eclipfe.  With 
the  center  H,  and  radius  HO,  equal  to  the  fum 
of  the  femidiameters  of  the  fun  and  moon,  de- 
fcribe the  circle  QOR,  which  will  be  the  moon's  pe- 
numbra, by  Cor.  4.  Prob.  I  J.  Alfo  defcribe  a 
fmall  circle  round  the  center  H,  whofe  radius  is 
the  difference  of  the  fun  and  moon's  femidiame- 
ters, that  little  circle  will  be  the  dark  fhadow  of 
the  moon,  by  Cor.  3.  ib. 

3.  i  hen  ail  the  countries  of  the  earth  con- 
tained in  the  fegment  VAW  will  be  fucceflively 
eclipfed,  by  the  penumbra,  as  the  fhadow  moves 
along  the  tract  FG.  Whilft  the  other  fegment 
VEW  fuffers  no  eclipfe  at  all.  Likewife  all  places 
in  the  line  st,  will  be  totally  eclipfed,  as  the  dark 
fhadow,  or  the  fmall  circle  at  H  paffes  fucceflively 
over  them.  But  this  circle,  or  dark  fhadow  being 
very  fmall,  a  total  eclipfe  at  any  place,  continues 
but  a  fmall  time.  Sometimes  the  fun's  femidiame- 
ter  exceeds  the  moon's  •,  and  then  there  will  be  no 
dark  circle,  or  total  eclipfe,  but  a  lucid  ring  will 
appear  about  the  moon  in  thefe  places  •,  and  this 
is  called  an  annular  eclipfe.  The  difference  be- 
tween the  femidiameters  of  the  fun  and  moon  is 
fo  little,  that  no  total  eclipfe  lafts  above  4  minutes. 

4,  Draw  CF,  CG  ~  fum  of  the  femidiameters 
of  t,he  fun  and  moon,  and  the  moon's  parallax  -y 

then 
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then  the  moon's  lhadow  will  touch  the  earth  at  L  Fig. 
and  K  where  the  eclipfe  begins  and  ends.  In  the  121. 
triangle  CFH,  there  is  given  CF,  CH  •,  to  find  FH 
n  HG,  which  converted  into  time,  gives  half  the 
duration,  or  half  the  time  that  the  moon's  fhadow 
is  upon  the  earth.  Alfo  NO  meafured,  ihews  how 
far  the  eclipfe  reaches.  Or  CO  meafured  does  the 
fame.  It  may  be  fufficient  to  meafure  all  thefe  by 
the  fcaie  without  calculation. 

5.  To  find  the  pole.  Draw  the  arch  AP,  making 
the  angle  KAP  equal  to  the  fun's  longitude,  and 
AP  the  diftance  of  the  poles  of  the  equator  and 
ecliptic,  23°^',  then  P  is  the  pole.  For  AP  is  a 
part  of  the  folftitial  colure,  and  pafTes  thro'  Cancer 
and  Capricorn.  A  nd  CAP  is  what  the  fun  wants 
of  Cancer,  therefore  PAK  is  what  it  is  pad  Aries. 
Thro'  P  draw  CPT.  And  here  we  may  fuppofe 
that  the  pole  Pis  fixed,  during  the  time  of  an  eclipfe. 
Then  in  the  right  angled  fpherical  triangle  APT, 
there  is  given  AP  and  angle  A  •,  to  find  AT  or  an- 
gle ACP.  In  this  triangle  PT  is  the  fun's  decli- 
nation, and  APT  or  CPK  his  right  afcenfion  from 
Cancer.  Here  note,  that  any  place  in  the  line  CT 
is  in  the  fun's  meridian.  And  C  is  the  place  where 
the  fun  is  vertical  at  the  time  of  the  eclipfe. 

6.  To  find  the  fituation  of  any  given  place,  at 
a  given  hour.  Make  the  angle  CPX  (with  the  fun's 
meridian),  equal  to  the  time  from  noon  j  on  the 
left  hand,  if  it  is  before  noon.  And  make  PZ  the 
complement  of  the  latitude ;  then  Z  is  the  place 
required.  And  if  it  falls  in  the  penumbra,  it  is 
eclipfed  •,  or  any  where  in  the  fegment  VAW  ;  if 
its  motion  in  the  parallel  circle  do  not  carry  it  out, 
before  the  penumbra  reaches  it. 

7.  To  find  the  place  which  is  firft  or  laft  touch- 
ed by  the  penumbra,  as  K.  Draw  the  arch  PK.  In 
the  triangle  CGH,  there  are  given  CG  and  CH,  to 
find   the  angle  GCH,  from  which   fubtracl:  HCP 

which 
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Fig.  which  is  known,  gives  the  angle  PCK  or  TK.  Theri 
121.  in  the  right  angled  fpherical  triangle  PTK,  there  is 
given  TK,  and  PT  the  fun's  declination  j  to  find 
PK  the  complement  of  the  latitude  of  K,  and  TPK 
or  CPK  the  difference  of  longitude  of  K,  and  the 
fun.  Therefore  its  longitude  and  latitude  is  had. 
And  after  the  fame  manner  you  may  find  that  of 
L.  And  by  the  fame  method  the  lat.  and  long,  of 
the  places  s  and  t  may  be  found,  where  the  dark 
fhadow  firft  enters  the  earth's  difk,  or  quite  leaves 
it. 

Alfo  there  may  be  found  the  place  which  is  in 
the  line  FH  at  any  point  of  time ;  or  if  the  place 
be  given,  what  the  time  will  be  -,  and  that  by  help 
of  the  horary  motion,  with  feveral  other  particu- 
lars of  like  nature,  which  for  brevity's  fake  I  omit. 

8.  The  part  of  the  fun's  diameter  eclipfed  by 
the  moon,  is  known  by  the  fituation  of  the  place 
within  the  penumbra,  or  its  diftance  from  the  cen- 
ter of  the  penumbra. 

And  the  phafis  of  the  eclipfe,  as  feen  from  any 
place  Z,  upon  the  difk,  will  be  found  thus,  for 
any  time.  Find  the  center  of  the  fhadow  for  that 
time,  as  fuppofe  at  H.  Defcribe  about  H,  a  cir- 
cle whofe  radius  is  the  moon's  radius  •,  and  about 
Z,  a  circle  with  the  fun's  radius.  Then  the  part 
cut  off  the  fun's  circle,  will  be  the  part  obfcured. 
I  omit  drawing  the  figures,  as  they  would  perplex 
the  fcheme. 
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Fig. 
Example.  m. 

Let  us  put  the  former  example.  To  find  the  time 
and  phafes  of  the  eclipfe,  June  4,  1769. 

The  elements  are  thefe  following. 

1.  Their  places  —  2*  1 
time  of  conjunction 
moon's  latitude            — 
horizontal  parallax          — 
diameter           —         — 
horary  motion             — 
fun's  declination             — 
his  diameter         — -        — 
and  horary  motion           — 
angle  of  D  way             — 
her  motion  from  o          — 

2.  The  difk  of  the  earth  being  drawn,  and  all 
the  particulars  fet  off  as  required,  we  have  CA  zz 
60'  58".  CM  zz  5s'  32".  CH  zz  $5l  16",  angle 
MCH  zz  5'  33",  MH  zz  5'  22",  and  HO  z  32' 
36". 

3.  Since  CO   —  CH  —  HO  —  22  40.     And 
22  40       22.66 
6oT*  =  60^6  ~'^l7  the  nat.  fine  of  CO  == 

2  a0  49'.  And  NO  zz  68°  n'.  Therefore  the  pe- 
numbra paffes  over  68°  1  il  of  the  northern  furface 
of  the  earth.  Likewife  CH  zz  650  3'.  Therefore 
the  tract  of  the  dark  fhadow  cuts  off  a  fegment  at 
N  zz  240  5j\  and  covers  a  fpace  zz  1°  25'. 

4.  In  the  triangle  FCH,  FH  zz  75  30%  FCH 
zz  530  48'.  The  horary  motion  of  the  moon  from 
the  fun  is  35  47"  •,  therefore  FH  or  HG  is  defcribed 
in  2h  6m  36s.  And  the  whole  duration  of  the  pe- 
numbra upon  the  earth  is  4h  1 3m  1 2s.  And  the 
time  of  the  dark  fhadow,  paffing  thro'  J/,  is  about 

3  quarters  of  an  hour. 

5.  In 
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Fig.      5.  In  the  triangle  ATP,  AT  or  angle  ACP  tz 
121.60  54- 

6.  In  the  triangle  CPZ,  there  fs  given  CP,  PZ, 
and  angle  CPZ  ;  to  find  CZ  zz  490  1 8',  and  an- 
gle PCZ  zz  40°  2  f  5  whence  angle  ACZ  =  33° 
33',  and  HCZ  zz  39°  6'.  So  that  when  the  place 
is  at  Z,  the  dark  fhadow  is  at  M  •,  being  the  time 
of  the  conjunction.  But  if  the  time  be  taken  46 
minutes  fooner,  the  place  z  would  be  nearer  the 
line  jM,  and  the  cente*  of  the  penumbra  near  s. 
For  whilft  the  place  Z  moves  about  P,  towards  O, 
by  the  earth's  rotation,  the  center  of  the  fhadow 
moves  from  j-  towards  H.  And  their  nearefl  dif- 
tance  will  be  about  ^&  of  HO. 

7.  The  angle  GCN  being  5f  48',  PCG  zz  520 
27'  zz  TKi  whence  TPK  zz  730  37\  and  CPK 
zz  106  23,  the  dif.  longitude  from  the  fun  ;  and 
PK  zz  55  44  the  comp.  lat.  of  the  place  K,  where 
the  eclipfe  quite  leaves  the  earth. 

8.  In  the  triangle  MCZ,  having  MC,  CZ,  and 
angle  MCZ,  the  place  in  Z  may  be  exactly  found  ; 
and  the  fhadow  being  at  M,  if  a  circle  of  the  pe- 
numbra be  defcribed  about  M,  the  point  Z  will 
fall  a  little  within  it ;  fo  that  the  eclipfe  is  not  quite 
over  at  the  time  of  the  conjunction. 

Cor.  1.  Hence  may  be  known,  all  the  places  and 
countries  thro*  which  the  dark  jhadow  pajjes. 

For  the  time  being  known  when  the  fhadow  comes 
to  S,  it  will  be  known  what  place  is  at  S  •,  and  in 
like  manner  what  place  is  at  t,  when  the  fhadow 
comes  there  ;  the  times  being  known  from  the  hora- 
ry motion.  Likewife  the  time  is  known,  when  the 
fhadow  is  at  M,  and  at  H.  Then  a  line  drawn 
thro'  all  thefe  places  on  a  globe  or  map  j  fhows 
the  tract  of  the  ihadow  thereon. 

Cor.  2.  Hence,  the  place  where  the  fun  is  vertical, 
m  the  middle  of  the  eclipfe \  is  eajily  found, 

for 
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For  there  is  given  the  azimuth  CF  (fig.  117.)  ;Fig. 
and  diftance,  equal  to  ZS,  the  complement  of  the  121, 
fun's  altitude. 

Cor.  3.  The  fan's  eclipfe  is  not  at  the  fame  inftant 
in  all  places,  as  it  is  in  a  lunar  eclipfe. 

Cor.  4.  The  middle  of  the  eclipfe  is  feldom  at  or 
near  the  time  of  conjunction  ;  but  fometimes  fooner  and 
fometimes  later,  actor  ding  as  the  parallax  mcreafes  or 
decreajes  the  moon's  longitude.  Except  in  the  blace 
where  the  fan  is  vertical,  where  there  is  no  parallax. 

Cor.  5.  No  general  eclipfe  of  the  earth  can  loft  a- 
hove  $\  hours. 

For  AC  4-  AO,  or  the  whole  femidiameter  of 
the  earth's  difk  added  to  the  femidiameter  of  the 
moon's  penumbra,    is  93'  24    —  93.41  and  the 

93.4 
horary  motion  is  $£  47"  —  35.78.     And   5 

z=  2.61  =  2h  36m,  the  femiduration. 

Scholium. 

Here  all  the  circles  concerned  in  the  calculation, 
are  fuppofed  to  be  orthographically  projected  upon 
that  difk  of  the  earth,  which  directly  faces  the  fun  ; 
and  that  a  fpectator  is  placed  at  the  diftance  of  the 
moon,  in  a  line  perpendicular  to  the  difk.  Then 
all  the  parts  of  the  fcheme  will  be  feen  under  their 
proper  angles,  as  they:  are  laid  down  therein.  For 
the  difk  itfelf  will  appear  under  an  ang'e  equal  to 
twice  the  moon's  horizontal  parallax  :  and  the  pe- 
numbra under  an  angle  equal  to  the  fum  of  the  di- 
ameters of  the  fun  and  moon;  and  being  fmall 
arches,  are  truly  reprefented  by  right  lines  propor- 
tional thereto  :  and  therefore  thofe  that  underftand 
the  nature  of  the  orthographic  projection  of  the 
fphere,  can  eafily  tell  how  to  meafure  any  of  thefe 
A  a  angles 


354  ECLIPSES. 

Fig.  angles  or  fides,  or  lay  them  down  as  required.  Noty 
121.  if  the  operations  be  performed  on  a  large  figure, 
the  parts  may  be  meafured  near  enough.  And 
moreover  if  the  ellipfis  reprefenting  the  parallel  cir- 
cle of  any  place  Z,  be  drawn,  and  divided  into 
hours  (or  15  degrees),  beginning  at  Z,  when  the 
time  of  the  conjunction  is  fuppofed  to  be  known, 
and  thefe  divifions  be  all  marked  with  their  pro- 
per number  of  hours ;  thefe  will  fhew  the  places 
where  Z  is  come  to,  at  thefe  feveral  hours,  and  the 
contrary.  And  likewife  if  the  tract  FG  be  divided 
into  hours,  by  help  of  the  horary  motion,  begin- 
ing  at  the  conjunction  M,  whofe  time  is  known ; 
and  if  thefe  be  alio  marked  with  their  proper  hours  ; 
they  will  fhew  the  places,  where  the  fhadow  is  at 
thefe  feveral  hours.  And  from  hence  may  be  known 
by  inflection,  what  fituation  the  place  and  the 
fhadow  have  to  one  another,  at  any  particular  times ; 
and  therefore  when  they  are  nearell  together,  or 
when  the  middle  of  the  eclipfe  is  •,  thus  may  be 
known  the  phqfis  of  the  eclipfe,  that  is  the  appear- 
ance of  the  fun  and  moon  eclipfed,  at  any  time. 
But  to  do  this,  as  I  faid  before,  requires  a  very  large 
fcheme  to  work  upon. 

P  R  O  B.    IX. 

To  find  the  period  of  eclipfes  •,  er  the  difiance  of  time, 
in  which  the  eclipfes  will  all  return  in  the  fame  order. 

Since  the  eclipfes  depend  upon  the  fun  and  moon 
being  near  the  node  •,  it  is  evident  that  when  they 
are  in  the  fyziges,  and  have  the  fame  fituation,  in 
refpect  to  the  node,  that  the  eclipfes  will  return  a- 
gain,  the  fame  as  before.  Therefore  we  are  to  find 
the  diftance  of  time  when  this  will  happen. 


The 
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The  time  of  the  moon's )  2    1    *  —      k     6^" 

fynodic  revolution  is    J  °         44  3   ■  -  9'53OD 

the  periodic  revolution      27     7  43  12=27.3216 

revolves  to  the  node  in       27     5     5  35  =  27.2122 

to  the  apogee  in  27  13     8  34=27.5476 

But  as  27d.32i6  :  360°  :  :  id,:  i$i,ij6^  the 

moon's  motion  in  a  day. 

Let  a  —  number  of  lunations,  or  of  the  moon's 
revolutions  to  the  fun,  e  zz  number  of  revolutions 
to  the  node,  in  the  fame  time.  Then  that  the  fun, 
moon,  and  node,  may  come  together  again,  we 
mult  find  a  and  <?,  fo  that  29.53060  ==  27.2 122?,  and 

a_  _.  27^121 .  But  (by  Prob.  ix.  Chap.  IV. 
e        27.5306 

B.  II.  Arithmetic),  we  mail  find  —  =  — ,  -^L., 

e         1       12 

12  35      47     223     939      16186  & 

' ?     —9    >      -—9     -9     7—    v-*^* 

13  38      51     242     1019     17565 

Alfo  if  jjr  =z  number  of  revolutions  of  the  moon 
to  the  apfis  in  the  fame  time.  Then  27.2 if  = 
27.547  =  29.530. 

To  examine  thefe  numbers  j  omitting  the  fmall 

fractions  which  are  not  exacl:  enough ;  take  17  —  -f.* 

Then  29.5306x47  =  27.2122  X  51  nearly;  or 
1387.938  =  1387.222,  near.  And  1387.938  — 
1387.222  =  .u6d  r=  1.520  =  i~  degrees.  So 
that  the  moon,  after  47  lunations,  is  but  \~  degree 
beyond  the  node.  And  this  period  would  do  pret- 
ty well,  but  that  the  apfis  is  not  near  the  node.   For 

27. 2i*        27.21  X  51  „  „  a       r     ' 

-J. or  — L ~2_  —yzz  50.39*  z=  iome  num- 

27-54  27-54 

ber  of  revolutions  to  the  apfis.  So  that  the  apfis 
is  .39  of  a  revolution  from  its  former  fituation, 
which  amounts  to  10.7  days,  or  140  degrees.  This 
period  would  be  4  years  wanting  y^  days  and  2 
hours.     But  the  different  polition  of  the  apogee 

A  a  2  diilurbs 
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Fig.  difturbs  it  fo  much,  as  to  make  it  vary  fometime* 
9  or  10  hours. 

Then  for  the  numbers  -11  or  223  lunations;  here 

242 

29.5306  X  223  —  27.2122  X  242  —  —  .0294 
zz  —  .38°  —  —  23'.  So  that  the  moon  is  but 
23'  fhort  of  the  node,  or  of  her  former  place.  Alfo 
29-5?X2   3  =  y  =  ^      rev^  4.  g,2  days  remain- 

27-54 

ing.     And  3.2  days  •=.  42  degrees,   and  fo  far  the 

moon  is  beyond  the  apfis ;  or  the  apfis  differs  42°" 
in  fituation.  This  period  is  1 3  Julian  years,  10 
days,  19  hours,  46  minutes.  This  is  called  the 
Plinian  Period,  or  Chaldean  Saros. 

Again,  939  lunations  —  27729.2334,  and  10 1§ 
revolutions  to  the  node  zz  27729^  2318,  the  dif- 
ference is  zz  ,ooi6d  —  .021  degrees,    which  the 

moon  is  patted  the  node.      Alfo  ,.2'7  9-  3    = 

27-54 
1006.59  or  1006  revolutions  to  the  apfis  -f-  16 
days,  or  20 8° ;  fo  that  the  apfis  is  in  a  wrong  po- 
rtion. This  period  is  76  Julian  years,  abating  29. 
days,  18  hours,  29  minutes.  And  the  like  for 
other  periods. 

If  you  vary  the  numbers  of  revolution,  but  a- 
very  little,  you  will  find  other  periods,  not  con- 
tained in  the  former  feries.  And  therefore  differ- 
ent people  ufing  different  numbers,  will  find  dif- 
ferent periods. 

Cor.  Any  of  ihefe  periods  being  often  repeated,  will 
vary  more  and  more ;  and  at  lafi  will  wear  out. 

for  the  period  of  47  lunations,  runs  a  degree 
and  a  half  beyond  the  node,  and  being  10  times- 
repeated,  it  will  be  15  degrees  dift ant,  and  with- 
out the  ecliptic  limits. 

The  period  of  223  lunations,  or  18  years,  is  but 
.23'  fhort  of  the  node;  but  being 42  times  repeated, 

will 
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will  fall  fliort  16"  degrees,  and  fo  will  end;  and  Fig. 
that  is  in  ysy  years. 

Scholium. 

Here  the  year  is  fuppofed  to  confift  of  365  days 
and  6  hours ;  whilft  the  common  year  confifts  only 
of  365  days.  Therefore  for  1,  2,  3  odd  years 
above  a  multiple  of  4,  allowance  mud  be  made  for 
the  6  hours,  and  alfo  for  leap  year,  if  it  happens 
^mong  the  odd  years. 

PROB,      X. 

To  ohferve  the  times  and  phafes  of  filar  and  lunar 
etlipfis. 

The  obfervation  of  eclipfes  is  of  great  ufe  for 
correcting  the  tables  of  the  fun  and  moon,  and 
alfo  for  difcovering  the  different  longitudes  of  places. 

In  eclipfes  of  the  fun,  the  beginning  and  end  are 
caGly  and  plainly  diftinguifhed  •,  for  the  light  part 
is  feparated  from  the  dark,  by  a  line,  which  is  the 
fide  of  the  moon's  body,  which  makes  the  light 
part  be  diftinctly  terminated  •,  for  which  reafon  it 
is  vifible  at  the  firft  inftant,  and  at  lafl  vanifhes  ii> 
a  moment.  But  then  one  muft  look  at  it,  thro'  a 
coloured  piece  of  glafs ;  for  there  is  no  enduring 
the  fun's  rays. 

But  to  fee  more  exactly  the  beginning  and  end, 
or  any  other  phafis  ;  the  beft  way  is  to  look  thro'  a 
telefcope  with  a  coloured  glafs  to  defend  the  eye. 
Then  having  a  good  clock  or  watch  to  know  the 
times  of  the  beginning  and  end  ;  the  middle  of  the 
eclipfe  is  eafily  known.  Likewife  the  digits  eclip*- 
led  muft  be  meafured. 

The  figure  of  an  eclipfe  of  the  fun  may  be  pror 

jected  upon  a  paper,  after  this  manner.     Place  a 

telefcope  in  a  window  lhut,  and  let  it  be  directed 

A  a  3  «Q 
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Fig.  to  the  fun  that  the  rays  may  come  thro'  it.  Then 
place  a  paper  fo  far  from  the  eye  glafs,  that  the 
fun's  difk  may  appear  diftinct  and  of  fufficient 
breadth  upon  it.  Then  if  a  circle  be  drawn  of  the 
bignefs  of  the  difk,  and  divided  into  degrees,  and 
the  diameter  into  digits ;  then  the  pofition  of  the 
horns,  may  be  found,  and  the  quantity  of  the  en- 
lightened part,  or  dark  part,  may  be  meafured. 
If  your  paper  be  fixt  at  a  certain  place,  you  may 
make  the  image  diftinct  upon  it,  by  moving  the 
eye  glafs  in  or  out. 

In  lunar  eclipfes,  neither  the  beginning  nor  end 
can  be  diftin&ly  perceived,  by  reafon  of  the  earth's 
penumbra ;  for  as  the  real  fhadow  and  penumbra 
are  not  vifibly  feparated  from  one  another,  or  dis- 
tinctly terminated  ;  no  one  can  exactly  tell  where 
one  ends  and  the  other  begins,  nor  confequently 
when  the  eclipfe  begins  or  ends.  For  we  do  not 
think  the  moon  eclipfed  at  all,  till  the  darknefs  be 
fo  great  as  fenfibly  to  affect  the  eye.  Tho'  we  are 
fure  it  really  begins  to  be  eclipfed,  as  foon  as  the 
penumbra  touches  it.  Therefore  the  bell  way  for 
making  an  obfervation  is,  to  note  the  time  when 
any  remarkable  place,  upon  the  moon's  furface, 
enters  the  fhadow;  which  fhadow  we  muft  judge 
of,  as  well  as  we  can.  And  therefore  we  muft 
ufe  a  telefcope,  as  we  can  judge  better  by  that,  than 
by  the  bare  eye,  where  the  fhadow  begins.  The 
place  obferved  is  eafily  known  by  a  map  of  the 
moon.  And  it  will  be  as  well  to  obferve  two  or 
three  of  thefe  fpots  or  noted  places.  This  done 
the  time  muft  alfo  be  obferved,  when  the  fhadow 
leaves  the  place  or  places ;  and  from  thefe  you  will 
have  the  time  of  the  middle  of  the  eclipfe.  Thus 
if  feveral  people  in  different  places  obferve  any 
noted  place  agreed  on  upon  the  moon  •,  then  they 
will  have  the  middle  of  the  eclipfe  in  both  places, 
pearly.     This  way  is  more  exact  than  obferving  the 

begin-? 
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beginning  or  end,  as  none  can  diftinguifh  fo  exactly 
between  the  true  fhadow  and  the  penumbra,  till 
they  both  appear  upon  the  fun's  body  together. 

P  R  O  B.    XI. 

To  calculate  the  time  of  an  eclipfe  of  Jupiter's  firft 
Satellite. 

Having  in  Prob.  14.  part.  I.  of  my  book  of  Na- 
vigation laid  down  the  rules  for  doing  it.  I  mall 
not  here  repeat  them,  but  refer  the  reader  to  that 
book ;  only  taking  notice,  that  as  Dr.  Halley's  ta- 
bles being  in  time  found  to  differ  from  obfervations ; 
I  attempted  to  make  fome  alterations  therein  ac- 
cording to  the  obfervations  I  had  made.  But  thefe 
obfervations  not  being  fo  many  as  I  could  have 
wifhed ;  I  dare  not  venture  to  fay,  that  thefe  tables, 
will  in  all  cafes  give  the  time  correctly.  And  there- 
fore I  fhould  be  glad  if  proper  perfons,  who  have 
the  benefit  of  an  Obfervatory,  would  take  this  mat- 
ter into  confideration ;  and  by  a  fufficient  number 
of  obfervations,  made  in  all  pofitions  of  the  earth 
to  Jupiter  and  the  Sun,  conftrucl  from  thence  a  fet 
of  correct  tables.  Which  would  be  a  thing  of 
great  ufe,  as  thefe  eclipfes  happen  fo  often,  and  are 
fo  eafily  obferved.  Till  then  we  muft  be  forced 
to  ufe  fuch  tables  as  we  have.  Here  I  fhall  make 
ufe  of  Pound's  tables  (which  we  have  among  Hal- 
ley's  aftronomical  tables),  and  thofe  of  Wargen- 
tine,  which  are  calculated  for  the  meridian  of  Paris. 

1.  By  Halley's  or  Pound's  Tables, 
The  Precepts. 

I.    From  the  firft  table,    take  out  the  epocha 

for    the   year,     with    its   correfpondent    numbers 

A  and  B.    And  from  the  table  of  months,  days, 

A  a  4  &e. 
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&c.  take  the  day,  hour,  &c.  next  lefs  thait 
the  time  fought  for,  with  the  numbers  A  and  B. 
Add  the  feveral  numbers  together  ♦,  and  you  have 
the  mean  time  of  the  middle  of  the  eclipfe. 

2.  From  the  table  of  the  firft  equations*  with 
number  A,  take  out  the  firft  equation  of  the  con- 
junctions •,  and  the  equation  of  B,  to  be  added  to  B. 

3.  From  the  table  of  the  fecond  equations*  with 
number  B  thus  equated,  take  out  the  fecond  equa- 
tion of  the  conjunctions.  And  from  the  Iaft  table, 
with  number  A,  take  out  the  third  equation.  Add 
all  thefe  equations  to  the  mean  time  of  the  middle 
of  the  eclipfe  ;  and  you  have  the  true  equated  time 
of  the  middle  of  the  eclipfe. 

4.  Alfo  from  the  laft  table,  with  number  A,  take 
out  the  femiduration.  And  if  number  B  equated, 
be  lefs  than  500,  fubtract  the  femiduration,  and 
you  have  the  time  of  the  immerfion  ;  if  it  be  more 
than  500,  add  it,  and  it  will  give  the  time  of  e- 
merfion. 

5.  This  being  mean  time,  reduce  it  to  the  ap- 
parent time.  And  in  leap  year  after  February,  make 
it  a  day  lefs.  When  the  numbers  A  or  B  exceed 
1000,  reject  1000. 

Example. 

To  find  the  time  of  emerfion  of  Jupiter's  firft  Sa- 
tellite* July  1 2th,   1768. 

1 .  By  Pound's  Tables. 
Thefe  tables  being  calculated  for  the  old  ftile. 


we  muft  take  out  for  July  1, 
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1768 
July 

mean  time 

1  equa. 

2  equa. 

3  equa. 

equat.  time 
femidurat. 

leap  year 
new  ftile 
eq.  time 
ap.  time 


ECLIPSE 

j  h  m        »  A        B 


7    29 

5     44 


2 

42 


262 

455 


9     *3  13 

29  3 

7  5 

3  27 


2      9     52     48 
+  1       4     19 


2     10  57 

1     10  57 

12     10  S7 

—  5 


12     10    52 


44 


717 
J9 


736 


emerfion. 


of  emerfion. 


2.  J?y  Wargentine's  Fables* 
The  Precepts. 

1.  From  Tab.  1  and  2,  take  the  time  for  the  given 
year,  and  alfo  for  the  month,  day,  &c.  next  lefs 
than  the  day  propofed ;  with  the  numbers  A,  B,  C  5 
which  add  into  feparate  columns,  and  you  have  the 
mean  time  of  the  middle  of  the  eclipfe. 

2.  From  tab.  3,  with  number  A,  take  out  the 
firft  equation  j  and  the  corrections  of  B  and  C  to 
be  added  to  them. 

3.  From  tab.  4,  with  number  B,  take  out  the 
fecond  equation.  And  from  tab.  5,  with  number 
A,  the  third  equation.  And  from  tab.  6,  with 
number  C,  the  fourth  equation.  Add  all  thefe  to 
the  mean  time,  and  you  have  the  equated  time  of 
the  conjunction. 

4.  From  tab.  8,  with  number  A,  take  out  the 
femiduration.  And  if  number  B  equated,  be  lefs 
than  500,  fubtract ;  if  greater,  add  the  femidura^ 
tion  •,  and  you  will  have  the  time  of  immerfion,  or 
emerfion,  accordingly. 

5.  From  tab.  7,  take  the  equation  of  time,  which 

add 
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add  to  the  mean  time  of  immerfion  or  emerfion, 
gives  the  apparent  time  thereof  at  Paris.  And  fub- 
tra&ing  cj  20",  gives  the  time  at  London. 

N.  B.  In  leap  year,  after  February,  take  out  for 
a  day  lefs.  And  when  the  numbers  B  and  C  exceed 
j 000,  reject  1000. 


1768 

J^y 

day 
mean  time 

1  equa. 

2  equa. 

3  equa. 

4  equa. 

cquat.  time 
femidura. 

end. 

eq.  time 

time  at  Paris 

time  at  London 


Example,  the  fame  as  before. 

d        h  in 

I     II        3 

1     7    5 
10  14  51 


l9 

43 
36 


A 
2 

J52 
9 


B 

236 

457 
28 


C 

78 

416 

24 


12 


12      9   48 
4-1      4 


O   38 

4     1 

8   20 

2.8  45 

6  56 

40 
2? 


12 


10  53 
4-  9 


2 

39 


163 


72  1 
18 


7i9 


518 
12 


53° 


12   n 


2  41 
-9  20 


12  10  53  21 


Emerfion. 


P  R  O  B.     XII. 

To  find  the  longitude  of  a  place. 

To  find  the  difference  of  longitude  of  two  places, 
Or  the  difference  of  meridians,  is  an  effcntial  point 
both  of  geography  and  navigation.  To  perform 
which  feveral  methods  have  been  propofed,  fome 
more  practicable  than  others  •,  but  all  of  them  de- 
pend upon  aftronomical  principles,  and  therefore  I 
give  it  a  place  here.  The  principal  methods  of 
doing  it,  I  fhall  here  lay  down. 

1  Waji 
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1  Way^  by  a  Time  Piece* 
If  a  watch  or  time  piece  can  be  made  to  keep  time 
exactly,  fuch  a  machine  being  fet  to  the  true  time 
of  the  day  in  any  one  place,  and  carried  to  ano- 
ther place,  it  will  ftill  fhew  the  time  at  thefirft  place. 
And  therefore  if  the  time  can  be  known  at  this  fe- 
cond  place ;  the  difference  of  time,  and  therefore 
the  difference  of  longitude,  will  be  known,  be- 
tween one  place  and  the  other. 

Now  to  find  the  hour  of  the  day  at  this  fecond 
place,  two  equal  altitudes  of  the  fun  muft  be  taken 
the  fame  day,  and  the  exad  times  noted  by  the 
time  keeper.  Then  the  middle  between  thefe  two 
times  of  obfervation,  mows  what  hour  it  is  at  the 
firft  place,  when  it  is  12  o'clock  at  the  fecond  place* 
Confequently  the  difference  of  time  between  the 
two  places  is  known,  which  gives  the  difference  of 
longitude  allowing  15  deg.  to  an  hour.  If  the 
time  keeper  be  fhort  of  1 2  o'clock,  at  the  middle 
time,  the  fecond  place  lies  eaftward  from  the  firft. 
But  if  the  middle  time  be  paft  12,  the  fecond  place 
lies  weftward.  A  common  watch  being  fet  to  1 2, 
when  the  time  keeper  is  at  the  middle  time ;  or, 
which  is  the  fame  thing,  if  it  be  fet  fo  much  paft 
1 2,  as  the  time  keeper  is  paft  the  middle  time ;  it 
will  continue  to  fhew  the  time  in  that  place.  This 
method  is  adapted  to  the  fea. 

If  fuch  a  machine  be  exactly  made,  like  Mr. 
Harrifon's  time  keeper ;  it  may  do  well  enough  for 
ihort  diftances,  but  will  be  ufelefs  for  long  ones, 
for  the  following  reafons.  1 .  Heat  and  cold  will 
have  an  effect  upon  the  fprings,  and  confequently 
will  retard  or  accelerate  the  motion.  2.  The  tof- 
fing  of  the  fhip  at  fea  will  have  an  effect  upon  any 
moving  machine,  which  will  hinder  it  from  going 
equally  at  all  times.  3.  Whatever  may  be  the  er- 
ror generated  in  a  fmall  diftance,  or  fmall  time  •, 

that 
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that  error  will  be  multiplied  in  a  large  diftance  and 
time,  being  proportional  to  the  time-,  fo  that  in 
long  voyages  it  will  be  ufelefs.  4  The  immenfe 
price  of  fuch  a  machine,  when  made  to  the  utmoft 
accuracy,  will  prevent  its  being  generally  ufeful. 

2  Way,  by  the  Moats  dijlancefrom  a  Star. 

i.  You  muft  have  an  ephemeris  mewing  the 
moon's  right  afcenfion,  declination,  and  horary  mo- 
tion in  right  afcenfion,  every  day  at  noon,  made 
for  a  certain  place,  as  London. 

2.  At  any  other  place,  when  an  obfervation  can 
be  had,  the  moon's  diftance  from  fome  known  ftar, 
mull  be  exactly  taken  with  a  good  inftrument,  and 
at  the  fame  time,  their  altitudes  or  zenith  diftances. 

3.  This  apparent  diftance  of  the  moon  and  ftar, 
muft  be  reduced  to  the  true  diftance,  by  Prop.  1 7. 
Seft.  VI. 

4.  Then  the  difference  of  right  afcenfions  of  the 
moon  and  ftar  muft  be  found  (by  Cor.  2.  Prob.  35. 
Sed.  II.). 

5.  Then  having  the  right  afcenfion  of  the  ftar 
from  the  aftronomical  tables,  the  right  afcenfion  of 
the  moon  will  be  known ;  and  confequently  (by 
the  ephemerisj  how  much  right  afcenfion  Ihe  has 
gained  fince  noon. 

6.  Then  fay,  as  the  horary  motion,  to  1  hour : : 
fo  the  difference  of  right  afcenfions,  to  the  time 
from  noon. 

7.  This  time  reduced  to  degrees,  gives  the  dif- 
ference of  longitude,  between  the  place  of  obfer- 
vation and  London. 

Note,  In  finding  the  difference  of  right  afcen- 
fions (Art.  4.)  the  moon's  declination  at  noon  is 
made  ufe  of.  But  it  may  be  correaed  by  Art.  6  ; 
and  then  the  work  repeated,  for  more  exaanefs. 
And  the  like  for  the  horary  motion. 

This  method  may  equally  be  applied  to  the  fun, 
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as  well  as  to  a  ftar.     The  former  way  is  ufed  in  the 
night ;  the  latter  in  the  day. 

The  occultation  of  a  ftar  by  the  moon,  or  the 
appulfe  of  a  ftar  to  the  moon,  is  but  a  particular 
cafe  of  this  method.  For  at  their  firft  touching* 
the  diftance  is  equal  to  the  moon's  apparent  femi- 
diameter,  and  is  therefore  known  without  meafuring. 

There  are  feveral  difficulties  which  attend  this 
method,  1.  The  method  is  embarraffed  with  fo 
many  difficult  computations,  that  it  is  hardly  to  be 
performed  at  the  time  when  wanted,  befides  the 
danger  of  error.  2.  The  taking  of  an  angle  be- 
tween the  moon  and  a  ftar  cannot  be  performed  fo 
exactly  as  the  Prob.  requires  ;  efpecially  at  fea, 
where  the  motion  of  the  ihip  fruftrates  any  fuch  at- 
tempt. It  has  been  objected,  that  the  time  of  an 
eclipfe  of  a  Satellite  cannot  be  obferved  at  fea,  by 
reafon  of  the  fhip's  motion ;  much  lefs  then,  can 
an  angle  be  taken,  which  requires  looking  at  two 
things  at  once.  3.  No  lunar  tables  extant  can  give 
the  place  of  the  moon  true  to  2;,  and  there  is  no 
hopes  of  getting  a  perfect  theory  of  the  moon.  So 
in  the  main,  we  never  can  be  fure  we  come  within 
4/  or  5',  of  the  truth.  4.  Since  in  a  revolution  of 
360  deg.  the  moon  gains  but  130  in  right  afcenlion ; 
therefore  in  1  deg.  me  gains  but  about  2V,  a  very 
fmall  matter,  therefore  upon  this  account,  we  can- 
not think  to  come  nearer  than  4'  or  5'.  5.  In  ta- 
king the  altitudes,  the  horizon  is  fo  badly  defined 
in  the  night,  that  they  cannot  be  truly  taken. 

3  Wa)\  hy  having  a  Meridian. 

Here  one  muft  have  an  ephemeris,  mewing  the 
time  of  the  moon's  fouthing,  every  night,  and  their 
differences.  And  at  the  place  propofed  a  meri- 
dian muft  be  found,  by  two  altitudes  of  the  fun  or 
otherwife.  Set  a  good  watch  to  J2,  when  the  fun 
-comes  to  the  meridian  ;  and  note  the  time  when  the 

moon 
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moon  fouths  or  comes  to  the  meridian.  Then  fay, 
as  the  difference  of  times  (by  the  ephemeris),  to  the 
time  by  the  watch  :  :  fo  360%  to  the  difference  of 
longitude.     This  method  is  proper  for  the  land. 

The  difficulties  in  this  method,  are.  1.  The  dif- 
ficulty of  drawing  a  meridian  truly.  2.  It  fuppofes 
the  watch  to  go  truly  all  the  while,  which  feldom 
happens.  But  this  error  may  be  rectified,  by  ob- 
ferving  the  watch,  when  the  fun  is  upon  the  me- 
ridian next  day,  to  fee  what  it  gains  or  lofes,  and 
allow  proportionally,  for  the  time  of  the  moon's 
fouthing.  3.  It  fuppofes  the  moon  moves  equally 
every  hour,  which  me  does  not.  And  this  may 
be  partly  remedied,  by  comparing  the  differences 
between  one  day  and  another,  and  augmenting  or 
diminifhing  the  time  by  the  watch,  accordingly. 

4  IVay,  by  the  Moon's  eclipfe. 

Let  the  middle  time  of  a  lunar  eclipfe,  be  ob- 
ferved  in  two  different  places,  according  to  the  di- 
rections in  Prob.  X.  Then  the  difference  of  the 
times,  reduced  to  degrees,  at  150  to  an  hour,  will 
give  the  difference  of  longitude  of  the  two  places  ; 
and  the  place  where  the  eclipfe  was  lateft  feen,  is 
to  the  eaftward  of  the  other. 

The  difficulties  here  are,  1 .  The  exact  time  of  the 
fhadow,  touching  any  noted  place  upon  the  moon, 
cannot  be  truly  known,  by  reafon  of  the  penumbra; 
being  as  dark  as  the  fhadow,  where  it  borders  upon 
it.  2.  It  is  hard  to  have  a  clock  adjufled  to  true 
time,  in  every  place,  where  the  longitude  is  re- 
quired. 

The  longitude  cannot  fo  eafily  be  found  by  a  fo- 
lar  eclipfe,    but  requires  a  deal  of  calculation. 

5  Way,  by  the  Eclipfe  s  of  Jupiter's  firjl  Satellite. 

Here  a  table  mufl  be  made,  (by  Prob.  XI.)  of 
the  eclipfes  of  Jupiter's  firfh  Satellite,  and  the  time 

when 
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when  they  happen  at  any  noted  place,  as  London. 
Then  if  the  time  of  the  eclipfe  be  obferved  at  any 
other  place,  by  a  telefcope  •,  and  this  time  of  im- 
merfion  or  emerfion  be  compared  with  the  table  ; 
you  will  have  the  difference  of  the  times ;  which 
turned  into  degrees,  at  150  to  an  hour,  gives  the 
difference  of  longitude ;  which  is  eaft  if  it  happen 
fooner,  or  weft  if  later.  This  method  is  very  pro* 
per  for  the  fea. 

The  greateft  defect  of  this  method,  is  the  errors' 
of  the  tables,  which  do  not  give  the  times  truly* 
fometimes  to  2  or  3  minutes  of  time. 

Scholium 

The  length  and  difficulty  of  the  computations 
made  ufe  of  in  regard  to  the  moon,  render  thefe 
methods  very  incommodious  for  finding  the  longi- 
tude •,  and  the  uncertainty  of  fome  elements  concern- 
ed therein,  make  the  operations  doubtful.     It  is 
true,  there  is  occafion  for  nothing  but  mere  obfer- 
vation  in  lunar  eclipfes  for  finding  the  longitude, 
but  the  uncertainty  of  the  time  of  beginning,  &c. 
will  introduce  an  error.     Of  all  methods,  the  e- 
clipfes  of  the  Satellites  of  Jupiter   are  the  moft 
proper  means  for  finding  the  longitude ;  for  that 
way  requires  no  trouble,    no  intricate  calculations. 
The  whole  bufinefs  depends  on  this,  to  have  a  true 
theory  of  thefe  Satellites,  at  leaft  of  the  firft  of  them ; 
but  which  is  furprizing,  no  body  turns  their  thoughts 
that  way.     It  is  true,  it  requires  a  great  deal  of 
time,  and  a  great  number  of  obfervations  to  fettle 
the  theory  •,   but  when  that  is  done  it  will  fuffici- 
ciently'recompence  the  trouble.     For  if  we  had  but 
correct  tables  of  this  fingle  Satellite,  we  mould  be 
enabled  to  calculate  the  exact  time  of  the  eclipfes ; 
and  if  this  could  be  truly  done,  it  would  abfolutely 
be  the  befl  method  for  finding  the  longitude,  either 
at  land  or  fea,  that  ever  was  thought  of.     If  this 

method 
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method  cannot  be  put  in  practice  at  fea,  much  left 
can  any  other  methods,  fince  they  all  require  more 
attention  and  more  fteadinefs,  than  this  does,  where 
a  man  has  nothing  to  do  but  look  thro'  a  tube,  at 
a  certain  object,  till  the  obfervation  be  over,  which 
need  not  be  very  long. 

I  have  fhewn  in  Cor.   3.  Prop.   20.  Seel:.  VI. 
That  there  are  feveral  irregularities  that  affect  the 
moon,  that  quite  vanifh  in  this  Satellite ;  from  whence 
one  would  think  it  would  be  no  hard  matter  to  ef- 
tablifti  the  elements  of  its  motion.     Yet  there  is 
fome  difficulty  in  this,  by  reafon  of  its  great  dis- 
tance.    As  fuppofe  we  want  to  find  the  excentri- 
city  of  its  orbit,  and  the  pofition  of  the  apfides, 
the  greater!;  elongation  of  the  Satellite  from  Jupiter 
is  1 12/; ;   and  if  its  orbit  was  fimilar  to  the  moon's, 
then  the  excentricity  would  be  r-8  of  its  mean  dif- 
tance,  which  would  only  amount  to  5  or  6  feconds ; 
but  how  difficult  is  this  to  obferve  exactly  ?  And 
yet  the  greateft  part  of  its  irregular  motion  de- 
pends upon  its  excentricity.     It  would  not  be    fo 
difficult  to  find  the  place  of  the  node,  and  eafier  ftill 
to  find  the  inclination  of  its  orbit.    I  am  perfuaded, 
that  all  thele  difficulties  may  be  furmounted,  by  di- 
ligent obfervation s  made  at  all  proper  opportuni- 
ties, and  in  all  pofitions  of  the  fun,  the  -earth,  and 
J  upiter  •,  and  then  reafoning  duly  from  the  phse- 
nomena,  by  comparing  them  with  the  moon's  mo- 
tions.    By  this  means  we  fhould  at  laft  gain  all  the 
elements  of  its  motion  •,  and  be  able  to  conftruct  ta- 
bles not  only  for  the  time  of  the  eclipfes,   but  of  its 
appearance  upon  Jupiter's  difk,  or  of  any  other 
phenomena.      This  would   require  fome  labour, 
but  without  pains  and  patience  nothing  is  to  be 
done. 
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